WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
C07K7/10, A61K 37/43 



Al 



(II) International Publication Number: WO 94/01460 

(43) International Publication Date: 20 January 1994 (20.01.94) 



(21) International Application Number: PCT/US93/06465 

(22) International Filing Date: 13 July 1993 (13.07.93) 



(30) Priority data : 

07/915,247 



14 July 1992(14.07.92) 



US 



(71) Applicant: SYNTEX (U.S.A.) INC. [US/US]; 3401 Hill- 

view Avenue A2-200, Palo Alto, CA 94304 (US). 

(72) Inventors: KRSTENANSKY, John, L. ; 3455 Rambo 

Drive, Palo Alto, CA 94306 (US). NESTOR, John, J., 
Jr. ; 20937 Fairwoods Court, Cupertino, CA 95014 (US). 
HO, Teresa, L. ; 495 South Clark Avenue, Los Altos, CA 
94024 (US). VICKERY, Brian, H. ; 111 Woofleaf Way, 
Mountain View, CA 94040 (US). BACH, Chinh, T. ; 
1613 Adolfo Drive, San Jose, CA 95131 (US). 



(74) Agent: CHOW, Y., Ping; Syntex (U.S.A.) Inc., 3401 Hill- 
view Avenue A2-200, Palo Alto, CA 94304 (US). 



(81) Designated States: AU, CA, FI, HU, JP. KR, NO, NZ, Eu- 
ropean patent (AT, BE, CH, DE, DK, ES, FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE). 



Published 

With international search report. 

Before the expiration of the lime limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: ANALOGS OF PTH AND PTHRP, THEIR SYNTHESIS AND USE FOR THE TREATMENT OF OSTEOPORO- 
SIS 

(57) Abstract 

Synthetic polypeptide analogs of parathyroid hormone PTH, parathyroid hormone related peptide PTHrp, and of the phy- 
siologically active truncated homologs and analogs of PTH and PTHrp, in which amino acid residues (22-31) form an amphi- 
pathic a-helix, said residues (22-31) selected from hydrophilic amino acids (Haa) and lipophilic amino acids (Laa) ordered in the 
sequence: Haa(Laa Laa Haa Haa) 2 Laa and their pharmaceutically acceptable salts are useful for the prophylaxis and treat- 
ment of osteoporosis in mammals. Processes for the production of the polypeptides via solid phase and recombinant meth- 
ods are provided. 



BNSOOCID. <WO 9401460A1J_> 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify Slates party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


FR 


France 


MR 


Mauritania 


AU 


Australia 


GA 


Gabon . 


MW 


Malawi 


BB 


Barbados 


GB 


United Kingdom 


NE 


Niger 


BE 


Belgium 


CN 


Guinea 


NL 


Netherlands 


BF 


Burkina Faso 


GR 


Greece 


NO 


Norway 


BG 


Bulgaria 


HU 


Hungary 


NZ 


New Zealand 


BJ 


Benin 


IE 


Ireland 


PL 


Poland 


BR 


Brazil 


IT 


Italy 


PT 


Portugal 


BY 


Belarus 


JP 


Japan 


RO 


Romania 


CA 


Canada 


KP 


Democratic People's Republic 


RU 


Russian Federation 


CF 


Central African Republic 




or Korea 


SD 


Sudan 


CG 


Congo 


KR 


Republic of Korea 


SE 


Sweden 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


Cote dUvoire 


LI 


Liechtenstein 


SK 


Slovak Republic 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LU 


Luxembourg 


TD 


Chad 


GS 


Czechoslovakia 


tv 


Latvia 


TC 


Togo 


CZ 


Czech Republic 


MC 


Monaco 


UA 


Ukraine 


DB 


Germany 


MC 


Madagascar 


US 


United Slates of America 


DK 


Denmark 


ML 


Mali 


uz 


Uzbekistan 


ES 


Spain 


MN 


Mongolia 


VN 


Viet Nam 


FI 


Finland 











BNSDOCID: <WO_9401460A1J_> 



WO 94/01460 



PCT/US93/06465 



10 



15 



20 



25 



30 



35 



40 



ANALOGS OF PTH AND PTHRP , THEIR SYNTHESIS AND USE FOR THE TREATMENT OF 
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BACKGROUND OF THE INVENTION 



a) Fiel<* of the Invention 

This invention relates to novel analogs of parathyroid hormone and 
parathyroid hormone related peptide, their synthesis by solid phase and 
recombinant techniques, and their use for increasing bone mass u mammalian 
subjects . 

H ) pescr-ipt-ion o f Related Art 

Osteoporosis is the most common form of metabolic bone disease and 
may be considered the symptomatic, fracture stage of bone loss 
(osteopenia) . Although osteoporosis may occur secondary to a number 
underlying diseases. 90% of all cases appear to be idiopathic. 
pTtmenoplsal women are particularly at risk for idiopathic o-eoporosxs 
(postmenopausal or Type I osteoporosis) . Another high risk 
idiopathic osteoporosis is the elderly of either sex (senxle or Type II 
Xerosis) . Osteoporosis has also been related to «^-™^"' 
immobilization or extended bed rest, alcoholism, diabetes, ^nadotoxxc 
chemotherapy, hyperprolactinemia, anorexia nervosa, primary and secondary 

amenorrhea, and oophorectomy. 

in the various forms of osteoporosis, bone fractures, whxch are the 
result of bone loss that has reached the point of mechanical faxlure, 
frequently occur. Postmenopausal osteoporosis is characterized by 
frames of the wrist and spine, while femoral nec* fractures seem to be 
the dominant feature of senile osteoporosis. belie ved to 

The mechanism by which bone is lost in osteoporotxcs xs "elxeved t 
i nvolve an imbalance in the process by wh ich the skeleton renews xtself 
""This process has been termed bone ren m ^- £ ^^-ooa^ S -,n-,-s^af 
discrete pockets of activity. These pocKets appear spontaneously within 
^ITone matrix on a given bone surface as a site of bone 



the bone matrix on a g^ ct * — . We f „ the 

osteoclasts (bone dissolving or resorbing cells) are -sponsible for the 
resorption of a portion of bone of generally constant dxmensxon. Thxs 
resorpt 2 process is followed by the appearance of ooblasts (bone 
forming cells, which then refill with new bone the cavxty left by the 
osteoclasts^ ^ ^ ^ ^ osteoclasts and 

osteobrarr/ormed is such that bone formation . and bone resorption are 
in balance. However, in osteoporotics » Tte Taster than it 

process develops which results in bone being lost at a rate 
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is being made. Although this imbalance occurs to 

individuals as they aoe it la w occurs to some extent in most 

ey a 9 e ' it as much more severs. „ „ 

There have been many attempts to Z 
either slowing Iurther J e ^ .^ST: ^ " 

in bone oass. certain ,„.„■-. ,. <>a«rably. producing a net gain 

appear to sl ow "urche" bte Ls f " ~ 

ioss. because « taeni a "JZZ'^IV ' A9 "'" ^ ^ 

».y appear to increase bone „ss ofdeT T™ T £0 ^ tiOn - 

apparent increase is limited in tim* „ - " However ' this 

decrease in -remodeling space « r^rT" 1 "' " *" 3 
between resorption and formation treatment' ZT" " ^ ^ 
also ultimately impede bone format^ ^ 
It has been suggested that treatment with narathvro^ „ 

r^tTcL zzzl rr ™* - • = ~- -z. 

bone ia o„set b, aXelse^"^ rrT. 1 " t " te ~ 1 " 
increase in total bone. Is no " et 

Heiti, et ml. in Clinical Science. 62. 389-396 (i« a ,i h 
that daily subcutaneous doses «* w,, ^ 'S^, ^ 

™ sr jr- 01 — ^ = — - 

of trabecular bone in the n ro ^ m ,i , the P ercen tage 

significant increase inte^r TZJZZ^ "ST " ' 

bone exceeding that of sh*™ « . „ resulted «» amounts of trabecular 

increased and'the"^ ZZZZ^ZJ? " ~™ 

oaiiv -cutie'ous^.crjs*':" h^;;;:; rr: 1 rr — *™ ^ 

12 days increased tra L nil ! hPTH(1 - 34) to Wealthy adult male rats for 

Total ! trabecular and cortical bone calcium and dry weight 

residues, with of appr„xi„ately 9 soo. BioLgic.1 

Z^Zn^^ ^ - teI " inal «"» «.i=! ^ U.3., 

apparently the minimum required. ' 

The N- terminal segment of human PTH differs from the 
N- terminal segment of the bovine and porcine hormones by only thre and t w 
amxno acid residues, respectively Y aad tWO 
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hPTH(l-34) : 

Ser Val Ser Glu He Gin Leu Met His Asn Leu Gly Lys His Leu 
1 5 10 15 

Asn Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp 
20 25 30 

Val His Asn Phe (SEQ ID NO:l) ; 
bPTH(l-34) : 



Ala Val Ser Glu He Gin Phe Met His Asn Leu Gly Lys His Leu 
15 1 5 10 15 

Ser Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp 
20 25 30 

20 Val His Asn Phe (SEQ ID NO: 2) ; 

pPTH(l-34) : 

25 Ser Val Ser Glu He Gin Leu Met His Asn Leu Gly Lys His Leu 

15 10 15 

Ser Ser Leu Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp 
20 25 30 

Val His Asn Phe (SEQ ID NO: 3) . 



The primary function of PTH is to elicit the adaptive changes that 
serve to maintain a constant concentration of Ca 3+ in the extracellular 

35 fluid. PTH acts on the kidneys to increase tubular reabsorption of Ca 2+ 

from the urine, as well as stimulating the conversion of calcifediol to 
calcitriol, which is responsible for absorption of Ca 2+ from the 
intestines. One prominent effect is to promote the mobilization of Ca 2+ 
from bone. PTH acts on bone to increase the rate of resorption of Ca 2+ and 

40 phosphate. PTH stimulates the rate of bone resorption by osteoclasts, 

increases the rate of differentiation of mesenchymal cells to osteoclasts, 
and prolongs the half life of these latter cells. With prolonged action of 
PTH the number of bone forming osteoblasts is also increased; thus, the 
rate of bone turnover and remodeling is enhanced. However, individual 

45 osteoblasts appear to be less active than normal . 

Rosenblatt, et al. in U.S. Patent Nos . 4,423,037, 4,968,669 and 
5,001,223 have disclosed PTH antagonists obtained by the deletion of the N- 
terminal (1-6) amino acids and the selective replacement of Phe 7 , Met 8 - 18 , 
and Gly 12 . Tyr^-NHj reportedly increased the activity and stability of 

50 these compounds. 

Parathyroid hormone -related peptide (PTHrp) , a 14 0+ amino acid 
protein, and fragments thereof, reproduce the major biological actions of 
PTH. PTHrp is elaborated by a number of human and animal tumors and other 
tissues and may play a role in hypercalcemia of malignancy. The sequence 

55 of hPTHrp (1-34) is as follows: 
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Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
1 5 10 15 

Gin Asp Leu Arg Arg Arg Phe Phe Leu His His Leu He Ala Glu 
20 25 30 

He His Thr Ala (SEQ ID NO: 4) . 

The sequence homology between hPTH and hPTHrp is largely limited to 
the 13 N- terminal residues, 8 of which are identical; only 1 of 10 amino 
acids in the (25-34) receptor binding region of hPTH is conserved in 
hPTHrp. Conformational similarity may underlie the common activity. 
Cohen, et al . in J . Biol. Chem. 266:3, 1997-2004 (1991) have suggested that 
much of the sequence of PTH (1-34) and PTHrp (1-34), in particular regions 
(5-18) and (21-34), assumes an or-helical configuration, while noting that 
there is some question whether this configuration prevails for the carboxyl 
terminal end under physiological conditions. Such a secondary structure 
may be important for lipid interaction, receptor interaction, and/or 
structural stabilization. 

We have synthesized analogs of PTH and of PTHrp with the objective of 
developing improved therapeutic agents for the restoration of bone mass in 
mammalian subjects, including those afflicted with osteoporosis. 

SUMMARY OF THE INVENTION 

This invention provides synthetic polypeptide analogs of parathyroid 
hormone (PTH) , parathyroid hormone related peptide (PTHrp) , and of the 
physiologically active truncated homologs and analogs of PTH and PTHrp, and 
salts thereof, in which amino acid residues (22-31) form an amphipathic 
a-helix, said residues (22-31) selected from hydrophilic amino acids (Haa) 
and lipophilic amino acids (Laa) ordered in the sequence: 

Haa (Laa Laa Haa Haa) 2 Laa. 

35 When specific illustrative embodiments of this sequence type are 

inserted into PTH, PTHrp, and the physiologically active truncated analogs 
and homologs of PTH and PTHrp, the resulting polypeptides are effective 
bone remodeling agents. 

In one aspect, then, this invention provides analogs of PTH, PTHrp, 

40 and the physiologically active truncated analogs and homologs of PTH and 

PTHrp, or salts thereof, in which amino acid residues (22-31) form an 
amphipathic Of-helix, the sequence of said residues (22-31) selected from: 
a) Xaa' Xaa 2 Leu Xaa 4 Xaa 5 Leu Xaa 7 Xaa 8 Xaa 9 Xaa 10 wherein 
15 10 

45 Xaa 1 and Xaa 4 are independently Glu, Glu(0CH 3 ), His, or Phe; Xaa 2 is Leu or 

Phe? Xaa 3 is Lys or His; Xaa 7 and Xaa 10 are independently Leu or lie; Xaa 8 is 
Ala, Arg, or Glu; and Xaa 9 is Lys or Glu (SEQ ID NO: 85); preferably 



25 



30 
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Glu Leu Leu Glu Lys Leu Leu Xaa Lys Leu wherein 
15 10 

Xaa is Glu or Arg (SEQ ID NO: 26) ; 

5 b) Xaa 1 Xaa 2 Leu Xaa 4 Arg Leu Leu Xaa 8 Arg Leu wherein 

1 5 10 

Xaa 1 and Xaa 4 are independently Glu, Glu (OCH 3 ) , His, or Phe; Xaa 2 is Leu or 

Phe; Xaa 8 is Glu, Lys, or Lys (COCH 2 PEGX) and PEGX is a poly- (ethylene glycol 

methyl ether) radical of molecular weight 100 to 10,000 (SEQ ID N0:86); 

10 preferably, 

Glu Leu Leu Glu Arg Leu Leu Xaa Arg Leu wherein 
15 10 

Xaa is Glu, Lys, or Lys <C0CH 2 PEGX) and PEGX is a poly- (ethylene glycol 

methyl ether) radical of molecular weight 100 to 10,000 (SEQ ID N0:27) ; 

15 

c) Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu (SEQ ID NO: 28) ; 

15 10 

d) Ser Leu Leu Ser Ser Leu Leu Ser Ser Leu (SEQ ID NO: 29) ; 

15 10 

20 e) Ala Phe Tyr Asp Lys Val Ala Glu Lys Leu (SEQ ID NO: 30) . 

15 10 

In another aspect, this invention provides analogs of PTH, PTHrp, and 

of the physiologically active truncated homologs and analogs of PTH and 

PTHrp, or salts thereof, in which amino acid residues (22-31) form an 

25 amphipathic a-helix, the sequence of said residues (22-31) selected from: 

a) Glu Leu Leu Glu Lys Leu Leu Xaa Lys Leu wherein 

1 5 10 

Xaa is Glu or Arg (SEQ ID NO:26) ; 

b) Glu Leu Leu Glu Arg Leu Leu Xaa Arg Leu wherein 
30 1 5 10 

Xaa is Glu, Lys, or Lys (COCHtPEGX) and PEGX is a poly- (ethylene glycol 
methyl ether) radical of molecular weight 100 to 10,000 (SEQ ID NO:27) ; 

c) Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu (SEQ ID NO: 28) ; 

15 10 

35 d) Ser Leu Leu Ser Ser Leu Leu Ser Ser Leu (SEQ ID NO: 29) ; 

15 10 

e) Ala Phe Tyr Asp Lys Val Ala Glu Lys Leu (SEQ ID N0:30)~ 

1 5 10 

40 Also provided are pharmaceutical compositions for the prevention or 

treatment of conditions characterized by decreases in bone mass comprising 
an effective bone mass increasing amount of a polypeptide analog of 
parathyroid hormone <PTH) , parathyroid hormone related peptide (PTHrp) , and 
of the physiologically active truncated homologs and analogs of PTH and 

45 PTHrp/ and salts thereof, in which amino acid residues (22-31) form an 

amphipathic a-helix, said residues (22-31) selected from hydrophilic amino 
acids (Haa) and lipophilic amino acids (Laa) ordered in the sequence: 

Haa (Laa Laa Haa Haa) 2 Laa. 
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in admixture with a pharmaceutical^ acceptable carrier. Also provided are 
processes for preparing pharmaceutical compositions which comprise mixing 
the above described compounds with a pharmaceutical^ acceptable carrier 

Further, this invention provides methods for treating mammalian 
conditions characterized by decreases in bone mass which methods comprise 
administering to a mammal in need thereof an effective bone mass increasing 
amount of a polypeptide analog of PTH, PTHrp, or of a physiologically 
active truncated homolog or analog of PTH or PTHrp, or a salt thereof in 
which amino acid residues (22-31) form an amphipathic a-helix, said 
residues (22-31) selected from hydrophilic amino acids (Haa) and lipophilic 
amino acids (Laa) ordered in the sequence: 

Haa (Laa Laa Haa Haa) 2 Laa. 

More specifically, this invention provides methods for treating 
mammalian conditions characterized by decreases in bone mass which methods 
comprise administering to a mammal in need thereof an effective bone mass 
increasing amount of a polypeptide analog of PTH, PTHrp, or of a 
physiologically active truncated homolog or analog of PTH or PTHrp, or salt 
thereof, in which amino acid residues (22-31) form an amphipathic a-helix 
the sequence of said residues (22-31) selected from: (SEQ id N0S- 26 27 ' 
28, 29, and 30) . ' 

This invention also includes processes for the solid phase synthesis 
of polypeptide analogs of PTH, PTHrp, and of the physiologically active 
truncated homologs and analogs of PTH and PTHrp, and salts thereof in 
which amino acid residues (22-31) form an amphipathic «-helix, said 
residues (22-31) selected from hydrophilic amino acids (Haa) and lipophilic 
amino acids (Laa) ordered in the sequence: 

Haa (Laa Laa Haa Haa) 2 Laa, 



which processes comprise sequentially coupling protected amino acids on a 
suitable resin support, removing the side chain and ^--protecting groups, 
and cleaving the polypeptide from the resin. 

This invention also encompasses processes for the solid phase 
synthesis of polypeptide analogs of PTH, pTHrp, and of the physiologically 
active truncated homologs and analogs of PTH and PTHrp, and salts thereof, 
in which amino acid residues (22-31) form an amphipathic cr-helix, the 
sequence of said residues (22-31) selected from: (SEQ ID NOS: 26, 27, 28, 
40 29, and 30); which processes comprise sequentially coupling protected amino 

acids on a suitable resin support, removing the side chain and N=- 
protecting groups, and cleaving the polypeptide from the resin. 

Also included are processes for the recombinant synthesis of 
polypeptide analogs of PTH, PTHrp, and of the physiologically active 
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truncated homologs and analogs of PTH and PTHrp, and salts thereof, in 
which amino acid residues (22-31) form an amphipathic Of-helix, said 
residues (22-31) selected from hydrophilic amino acids (Haa) and lipophilic 
5 amino acids (Laa) ordered in the sequence: 

Haa (Laa Laa Haa Haa) 2 Laa. 

The invention also encompasses DNA sequences, vectors, and plasmids for the 
10 recombinant synthesis of such polypeptide analogs. Specifically, the 

invention provides DNA sequences, vectors, and plasmids for the recombinant 
synthesis of polypeptide analogs of PTH, PTHrp, and of the physiologically 
active truncated homologs and analogs of PTH and PTHrp, and salts thereof, 
in which amino acid residues (22-31) form an amphipathic a-helix, the 
15 sequence of said residues (22-31) selected from: (SEQ ID NOS: 26, 27, 28, 

29, and 30) . 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Figure 1 presents the DNA sequence and enzyme restriction sites of a 

synthetic gene coding for a PTHrp (1-34) analog of this invention (hPTH PGR 
Amplification) . 

Figure 2 outlines the preparation of a plasmid incorporating a 
PTHrp (1-34) analog gene (Trp LE 18 hPTHrp (1 -34) 1 Construction) . 
25 Figure 3 outlines the preparation of a plasmid incorporating two 

copies of a PTHrp (1-34) analog gene (Trp LE 18 hPTHrp (1-34) 2 Construction). 

Figure 4 outlines the preparation of a plasmid incorporating four 
copies of a PTHrp(l-34) analog gene (Trp LE 18 hPTHrp (1 -34) 4 Construct). 



30 



DETAILED DESCRIPTION OF THE INVENTION 



- Abbreviations and Definitions 



The one- and three- letter abbreviations for the various common 
35 nucleotide bases and amino acids are as recommended in Pure Appl. Chem. 

31, 639-645 (1972) and 40, 277-290 (1974) and comply with 37 CFR §1.822 (55 
FR 18245, May 1, 1990), and with the PCT rules (WXPO Standard ST. 23: 
Recommendation for the Presentation of Nucleotide and Amino Acid Sequences 
in Patent Applications and in Published Patent Documents) . The one- and 
40 three -letter abbreviations are as follows: 



SUBSTITUTE SHEET 
ISA/EP 
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Amino Acid Abbreviations 
Amino Acid Three -let tear One -letter 

Symbol Symbol 



10 



15 



20 



Alanine 


Ala 


7V 

A 


Arginine 


***-*■ y 


K 


Asparagine 


Asn 


TO 


AsDarti e arirf 


Asp 


D 


Asn + Asp 


Asx 


B 


Cvsteinp 


Cys 


C 


Glutamine 


m n 
um 


Q 


Glutami r* ari H 


oJ-U 


E 


Gin + Glu 


m -v 


Z 


Glycine 


uxy 


G 


Hietidine* 




H 


Ten! our*'? na 


lie 


I 


Leucine 


Leu 


L 


Lysine 


Lys 


K 


Methionine 


Met 


M 


Phenylalanine 


Phe 


F 


Proline 


Pro 


P 


Serine 


Ser 


S 


Threonine 


Thr 


T 


Tryptophan 


Trp 


W 


Tyrosine 


Tyr 


y 


Valine 


Val 


V 


Other amino acid 


Xaa 


X 



25 



The abbreviations represent L- amino acids unless otherwise designated as 
30 D- or D,L-. Certain amino acids, both natural and non-natural, are 

achiral, e.g. glycine. All peptide sequences are presented with the 
N- terminal amino acid on the left and the C- terminal amino acid on the 
right . 

Further abbreviations for other amino acids and compounds used herein 

35 are: 

hSer homoserine 
hSerlac homoserine lactone 

N1 « norleucine 

PEG2 radical of diethylene glycol methyl 

40 ether, a.k.a. me thoxydi (ethyl eneoxy) , 

CH 3 0 (CH 2 CH 2 0) 2 - , (MW = 119) 

PEG5000 radical of poly (ethylene glycol methyl 

AC ether), a.k.a. methoxypoly (ethyleneoxy) , 

45 CH 3 0 (CHXH.0) 110 - , (avg. MW = 5000) 

PEGX radical of poly (ethylene glycol methyl 

ether), CH 3 0 (CH 2 CH 2 0) n - , n = 2 - 225, 
(avg. MW = 100 to 10,000) 
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"Hydrophilic amino acid (Haa) " refers to an amino acid having at 
least one hydrophilic functional group in addition to those required for 
peptide bond formation, such as arginine, asparagine, aspartic acid, 
glutamic acid, glutamine, histidine, lysine, serine, threonine, and their 
5 homologs . 

"Lipophilic amino acid (Laa) " refers to an uncharged, aliphatic or 
aromatic amino acid, such as isoleucine, leucine, methionine, 
phenylalanine, tryptophan, tyrosine, valine, and their homologs. 

For the purposes of this invention, alanine is classified as 
10 "amphiphilic" i.e., capable of acting as either hydrophilic or lipophilic. 

"Physiologically active truncated homolog or analog of PTH or PTHrp " 
refers to a polypeptide having a sequence comprising less than the full 
complement of amino acids found in PTH or PTHrp which, however, elicits a 
similar physiological response. The truncated PTH or PTHrp need not be 
15 fully homologous with PTH or PTHrp to elicit a similar physiological 

response. PTH(l-34) and PTHrp (1-34) are preferred, but not exclusive, 
representatives of this group. 

"Amphipathic a-helix w refers to the secondary structure exhibited by 
certain polypeptides in which the amino acids assume an or-helical 
20 configuration having opposing polar and nonpolar faces oriented along the 
long axis of the helix. The possibility of a-helical structure in the 
polypeptide of interest may be explored to some extent by the construction 
of a "Schiffer-Edmundson wheel" (M. Schiffer and A. B. Edmundson, 
Biophys. J. 7, 121 (1967)), of the appropriate pitch and noting the 
25 segregation of the hydrophilic and lipophilic residues on opposite faces of 
the cylinder circumscribing the helix. Alternatively, empirical evidence, 
such as circular dichroism or x-ray diffraction data, may be available 
indicating the presence of an or-helical region in a given polypeptide. An 
ideal a-helix has 3.6 amino acid residues per turn with adjacent side 
30 chains separated by 100° of arc. Eisenberg et al . in Nature 299:371-374 
(1982) and Proc. ATat. Acad. Sci. USA 81:140-144 (1984) have combined a 
hydrophobicity scale with the helical wheel to quantify the concept of 
al^hi^tM-c-heri-ces— The-mean-hyo^ophobic-mcOTent— i-s-def ined-as_the_vector_ 



sum of the hydrophobi cities of the component amino acids making up the 
35 helix. The following hydrophobi cities for the amino acids are those 

reported by Eisenberg (1984) as the "consensus" scale: 

He 0.73; Phe 0.61; Val 0.54; Leu 0.53; Trp 0.37; 
Met 0.26 Ala 0.25; Gly 0.16; Cys 0.04; Tyr 0.02; 

Pro -0.07; Thr -0.18; Ser -0.26; His -0.40; Glu -0.62; 
40 Asn -0.64; Gin -0.69; Asp -0.72; Lys -1.10; Arg -1.76. 

The hydrophobic moment, Mh, £oz an ideal a-helix having 3.6 residues 
per turn (or a 100° arc ( = 360°/3.6) between side chains), may be 
calculated from: 

Mh = [ ( L H„sin6(N-l) ) 2 + ( Z H N cos6(N-l) ) 2 ] \ 
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where H N is the hydrophobicity value of the N* amino acid and the sums are 
taken over the N amino acids in the sequence with periodicity 6=100* The 
hydrophobic moment may be expressed as the mean hydrophobic moment per 
residue by dividing Mh by N to obtain <^ H >. a value of < Mh > at 100° + 20 ° 
of about 0.20 or greater is suggestive of amphipathic helix formation The 
<M„> values at 100° for hPTHrp (22-31) and hPTH (22-31) are 0.19 and 0.37, 
respectively. 

Cornett. et al . , in J. Mol. Biol., 195:659-685 (1987) have further 
extended the study of amphiphathic a-helices by introducing the 
"amphipathic index- as a predictor of amphipathicity . They concluded that 
approximately half of all known or-helices are amphipathic, and that the 
dominant frequency is 97. 5» rather than 100°. with the number of residues 
per turn being closer to 3.7 than 3.6. While such refinements are 
scientifically interesting, the basic approach of Eisenberg, et al. is 
sufficient to classify a given sequence as amphipathic, particularly when 
one is designing a sequence ah initio to form an amphipathic 
oi-helix. 

A substitute amphipathic a-helical amino acid sequence may lack 
homology with the sequence of a given segment of a naturally occurring 
polypeptide but elicits a similar secondary structure, i. e. an «-helix 
having opposing polar and nonpolar faces, in the physiological environment. 
Replacement of the naturally occurring amino acid sequence with an 
alternative sequence may beneficially affect the physiological activity, 
stability, or other properties of the altered parent polypeptide. Guidance 
as to the design and selection of such sequences is provided in J. L. 
Krstenansky, et al . , FEBS Letters 242:2, 409-413 (1989), and J. P. Segrest, 
et al. Proteins: Structure, Function, and Genetics 8:103-117 (1990) among 
others . 

The ten amino acid amphipathic a-helix of this invention has the 
formula: 

Haa (Laa Laa Haa Haa), Laa 
wherein the Haa's are selected from the group of hydrophilic amino acids 
and the Laa's are selected from the group of lipophilic amino acids, as 
defined above. Assuming an idealized cv-helix, residues 1, 4, S, 8, and 9 
are distributed along one face (A) of the helix within about a 140° arc of 
each other, while residues 2, 3, 6, 7, and 10 occupy an opposing 140° arc 
on the other face (B) of the helix. Preferably, all the residues on one 
face are of the same polarity while all those on the other face are of the 
opposite polarity, i.e., if face A is all hydrophilic, face B is all 
lipophilic and vice versa. The skilled artisan will recognize that while 
the helices of this invention are described by 



Haa (Laa Laa Haa Haa) 2 Laa, 

the reverse sequence, 
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Laa (Haa Haa Laa Laa) : Haa 



will also meet the residue distribution criteria and is an equivalent 
descriptor of the helices of this invention. 
5 Alanine may be substituted for either hydrophilic or lipophilic amino 

acids, since Ala can reside readily on either face of an amphipathic a- 
helix, although Ala, 0 does not form an amphipathic or-helix. Generally, 
proline, cysteine, and tyrosine are not used; however, their presence and 
other random errors in the sequence may be tolerated, e.g. a hydrophilic 

10 residue on the lipophilic face, as long as the remaining amino acids in the 

segment substantially conform to the hydrophilic face - lipophilic face 
division. A convenient method for determining if a sequence is 
sufficiently amphipathic to be a sequence of this invention is to calculate 
the mean hydrophobic moment, as defined above. If the peak mean moment per 

15 residue at 100° ± 20° exceeds about 0.20, then the sequence will form an 

amphipathic helix and is a sequence of this invention. 

For example, the mean hydrophobic moment per residue at 100° for (SEQ 
ID NO; 26), Xaa = Glu, is calculated as follows: 



30 



A. A. 


- .62 


6 (N-l) 


H sin 6 (N-l) 


H cos 6 (N-l) 


E 


0 


0 


- .62 


L 


.53 


100 


.52 


- .17 


L 


.53 


200 


- .18 


- .50 


E 


- .62 


300 


.34 


- .31 


K 


-1.1 


400. 


- .70 


- .85 


L 


.53 


500 


.34 


- .41 


L 


.53 


600 


- .46 


- .27 


E 


- .62 


700 


.21 


- .58 


K 


-1.1 


800 


-1.08 


- .19 


L 


.53 


900 


0 

E=0.81 


- -53 
E--4 .43 



35 



= [(0.81) 2 + <-4.43) 2 ]* = 4.50 



< ji H > = 4.50/10 = 0.45 



For this sequence, the mean peak hydrophobic moment occurs at 92° and 

has a value of 0.48. 

In applying this concept to parathyroid hormone and parathyroid 
40 hormone related peptide, it was hypothesized that either or both regions 

(7-16) and (22-31) may exhibit a-helical secondary structure and could be 
replaced with a non-homologous sequence having similar structural 
tendencies, without loss of biological activity or induction of 
immunoreaction . 
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Preferred Emhnrijmente 



in one aspect, thl. invention provides analogs of PTH, PTHrp, and the 
phys^ologacally active truncated analogs and homologs of PTH and^THrp or 
salts thereof, in which amino acid residues (22-31) form an amphipathic „. 
helxx, the sequence of said residues (22-31) selected from- 
a) Xaa' Xaa^ Leu Xaa< Xaa* Leu Xaa 7 Xaa 8 Xaa' Xaa'° wherein 



5 10 



Xaa and Xaa' are independently Glu, Glu (OCH,) , His, or Phe; Xaa= is Leu or 
Phe; xaa is Lys or His; Xaa' and Xaa- are independently Leu or He; Xaa« i 
Ala, Arg, or Glu; and Xaa» is Lys or Glu (SEQ ID NO: 85) ; preferably 
Glu Leu Leu Glu Lys Leu Leu Xaa Lys Leu wherein 
5 10 



Xaa is Glu or Arg (SEQ ID NO: 26); 

b) Xaa' Xaa* Leu Xaa 4 Arg Leu Leu Xaa" Arg Leu. wherein 

5 10 
Xaa' and Xaa' are independently Glu, Glu (OCH,), His, or Phe; Xaer is Leu or 
Phe; Xaa is Glu, Lys, or Lys (COCH.PEGX, and PEGX is a poly- (ethylene glycol 
methyl ether) radical of molecular weight 100 to 10,000 (SEQ ID NO-86) • 
preferably, Glu Leu Leu Glu Arg Leu Leu Xaa Arg Leu wherein 

Xaa is Glu, Lys, or Lys (COCH 2 PEGX) and PEGX is a poly- (ethylene glycol 
methyl ether) radical of molecular weight 100 to 10,000 (SEQ ID NO-27) • 

c) Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu (SEQ ID NO: 28) : 



5 10 

d) Ser Leu Leu Ser Ser Leu Leu Ser Ser Leu (SEQ ID NO- 29) • 

5 10 

3Q e) Ala Phe Tyr Asp Lys Val Ala Glu Lys Leu (SEQ ID NO: 30) 



5 10 
in another aspect, this invention provides analogs of PTH, PTHrp, and 
the physiologically active truncated analogs and homologs of PTH and PTHrp 
or salts thereof, of the formula: 

Xaa' Xaa* Xaa' Xaa< Xaa* Xaa< Xaa' Leu His Xaa"- Xaa" Gly Xaa" Ser lie Gin Xaa" 
Leu Xaa" Xaa- Xaa" Xaa- Xaa * ^ ^ ^ ^ Xaa „ ^ ^ 
Xaa is absent or is Ala; 
Xaa 2 is absent or is Valj 
Xaa 3 is absent or is Ser; 
Xaa 4 is absent or is Glu or Glu (OCH 3 ) ; 
Xaa 5 is absent or is His or Ala; 
Xaa 6 is absent or is Gin; 
Xaa 7 is absent or is Leu; 

Xaa 10 and Xaa' 7 are independently Asp or Asp(OCH 3 ) ; 
Xaa 11 is Lys, Arg, or Leu; 

Xaa 13 is Lys, Arg, Tyr, Cys, Leu, Cys (CH 2 C0NH (CH 2 ) JffH (biotinyl) ) , Lys(7- 
d^nethylamino-2-oxo-2H-l-benxo P yran-4-acetyl), or Lys (dihydrocinnamoyl ) ; 
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Xaa 20 is Arg or Leu; 

Xaa 19 and Xaa 21 are independently Lys, Ala, or Arg; 

Xaa 22 " 31 is selected from (SEQ ID NOS:26, 27, 28, 29, or 30); Xaa 32 is His, 
Pro, or Lys; 

5 Xaa 33 is absent, or is Pro, Thr, Glu, or Ala; 

Xaa 34 is absent, or is Pro, Arg, Met, Ala, hSer, hSer lactone, Tyr, Leu, or 
1 , 4 -diaminobutyryl lactam ; 

Xaa 35 is absent or is Pro, Glu, Ser, Ala, or Gly; 

Xaa 36 is absent or is Ala, Arg, or lie; 
10 Xaa 37 is absent or is Arg, Trp, or 3 - ( - 2 -naphthyl) -L-alanine ; 

Xaa 38 is absent or is Ala or hSer or Xaa 38- * 2 is Thr Arg Ser Ala Trp; 

and Term is OR or NR 2 where each R is independently H, (C,-C 4 ) alkyl or 

phenyl (C]-C 4 ) alkyl ; and the pharmaceutically acceptable salts thereof. 

In yet another aspect this invention includes polypeptide analogs of 
15 the physiologically active truncated homo log hPTHrp(l-34) , as shown in 

Formula (I) : 

Ala Val Ser Glu Xaa 5 Gin Leu Leu His Asp Xaa 11 Gly Xaa 13 Ser lie Gin Asp Leu 
Xaa 19 Arg Xaa 21 Xaa 22 ' 31 Xaa 32 Xaa 33 Xaa 34 Term, wherein: 
Xaa 5 is His or Ala; 
20 Xaa 11 and Xaa 13 are independently Lys, Arg, or Leu; 

Xaa 19 and Xaa 21 are independently Ala or Arg; 
Xaa 22 * 31 is selected from: 



25 



30 



a) Glu Leu Leu Glu Lys Leu Leu Xaa Lys Leu wherein 

15 10 

Xaa is Glu or Arg {SEQ ID NO:26) ; 

b) Glu Leu Leu Glu Arg Leu Leu Xaa Arg Leu wherein 

15 10 



Xaa is Glu, Lys, or Lys (COCH 2 PEGX) and PEGX is a 
poly (ethylene glycol methyl ether) radical of molecular 
35 weight 100 to 10,000 (SEQ ID NO:27); 

— c)— Al-a-Leu-Al-a-Glu-Ala-Leu-Al-a-Gl-u-Al-a-Leu— (SEQ-ID-N0^28)-; 

15 10 

40 d) Ser Leu Leu Ser Ser Leu Leu Ser Ser Leu (SEQ ID NO: 29) ; 

15 10 

e) Ala Phe Tyr Asp Lys Val Ala Glu Lys Leu (SEQ ID NO: 30) ; 
15 10 

45 

Xaa 32 is His or Lys; 

Xaa 33 is Thr, Glu, or Ala; 

Xaa 34 is Ala, hSer, Tyr, or Leu; 

and Term is Gly Arg Arg, lactone, OH or NRj, where each R is H or (C,-C 4 ) 
50 . . alkyl; and their pharmaceutically acceptable salts. (Formula I) 
A more specific aspect of the invention includes 
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those polypeptides of Formula (I) wherein Xaa 22 " 31 is (SEQ ID NO:26) , for 
which < Mh > at 100° exceeds 0,45. A still more specific aspect of the 
invention includes those Formula (I) polypeptides wherein Xaa 22 " 3 * is (SEQ ID 
NO: 26); Xaa 11 and Xaa" are both Lys; and Xaa 19 and Xaa 21 are both Arg. 

Representative polypeptides include, but are not limited to: 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
1 5 10 is 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Arg Lvs 
20 25 30 

Leu His Thr Ala OH (SEQ ID NO:5) ; 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
1 5 io 



15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

Leu His Thr Ala OH (SEQ ID NO: 6) ; 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
15 io 



15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 

30 20 25 3 £ 

Leu His Thr Ala NH 2 (SEQ ID NO:7) ; 

35 Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 

1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 

20 25 30 

Leu His Thr hSer NH 2 (SEQ ID NO: 8) ; 



Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
45 1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

50 Leu His Thr hSerlac (SEQ ID NO:9) ; 



Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
15 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 



Leu His Thr Ala Gly Arg Arg OH (SEQ ID NO: 10) ; and 
60 35 
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Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
15 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
5 20 25 30 

Leu Lys Glu Leu NH 2 (SEQ ID NO: 11) . 

Another aspect of this invention includes those polypeptides of Formula 
10 (I) wherein Xaa 2231 is (SEQ ID NO:26); Xaa" and Xaa 13 are both Lys; and one 

of Xaa 19 and Xaa 21 is Arg and the other is Ala. Representative poly -peptides 
of this subgenus include, but are not limited to: 

15 Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 

1 5 10 15 



20 



40 



Gin Asp Leu Ala Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

Leu His Thr Ala NH 2 (SEQ ID NO: 12) and 



Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
25 1 5 10 15 - 

Gin Asp Leu Arg Arg Ala Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

30 Leu His Thr Ala NH 2 (SEQ ID NO: 13) . 

In another aspect this invention includes those polypeptides of 
Formula (I) wherein Xaa 22 " 31 is (SEQ ID NO:26) ; one of Xaa 11 and Xaa 13 is Leu 
35 and the other is Lys; and Xaa 19 and Xaa 21 are both Arg. Representative poly- 

peptides of this subgenus include, but are not limited to: 



Ala Val Ser Glu Ala Gin Leu Leu His Asp Leu Gly Lys Ser lie 
1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 ,30 

Leu H i s Ala Leu OH (SEP ID NO:14 ) . 



45 

In another aspect this invention includes those polypeptides of Formula 
(I) wherein Xaa 22 * 31 is (SEQ ID NO:27) , for which <ji H > at 100° exceeds 0.50. 
A further aspect of this invention includes those Formula (I) polypeptides 
wherein Xaa 22 " 31 is (SEQ ID NO: 27) ; Xaa 11 and Xaa 13 are both Lys or both Arg; 
50 and Xaa 19 and Xaa 21 are both Arg. Representative polypeptides of this 

subgenus include, but are not limited to: 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
15 10 15 

55 Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu Glu Arg 

20 25 30 

Leu His Thr Ala OH (SEQ ID NO: 15) ; 
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Ala val Ser Glu His Gin Leu Leu His Asp Arg Gly Arg Ser He 
5 !0 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu Glu Arg 
20 25 30 9 

Leu His Thr Ala OH (SEQ ID NO:l6) ,- 

Ala Val Ser Glu His Gin Leu Leu His Asp Arg Gly Arg Ser He 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu Lys Arq 
20 25 30 a 

Leu His Thr Ala OH (SEQ ID NO: 17) ; 

Ala Val ser Glu His Gin Leu Leu His Asp Arg Gly Arg Ser He 



10 



15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu 
20 25 

Lys(COCH,PEG2) Arg Leu His Thr Ala OH (SEQ ID NO: 18) ; and 

Ala Val Ser Glu His Gin Leu Leu His Asp Arg Gly Arg Ser He 
5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu 
20 25 

LysJCOCHjPEGBOOO) Arg Leu His Thr Ala OH (SEQ ID NO: 19) . 

In another aspect this invention includes polypeptides of Formula (I) 
wherein W»" is (SEQ ID NO:28) , for which <„„> at 100* is about 0.25. 

Representative polypeptides of this subgenus include, but are not limited 
to: 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
5 10 15 

Gin Asp Leu Arg Arg Arg Ala Leu Ala Glu Ala Leu Ala Glu Ala 
20 25 30 

SO Leu His Thr Ala NHj (SEQ ID NO: 20) . 

In another aspect this invention includes polypeptides of Formula (I) 
wherein Xaa 2 "' is (SEQ ID NO:29) , for which at 100« is about 0.28. 

Representative polypeptides of this subgenus include, but are not limited 
55 to: 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
1 5 10 15 

Gin Asp Leu Arg Arg Arg Ser Leu Leu Ser Ser Leu Leu Ser Ser 
60 20 25 30 

Leu His Thr Ala NH 2 (SEQ ID NO: 21) . 
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In another aspect this invention includes polypeptides of Formula (I) 
wherein Xaa 22 " 31 is (SEQ ID N0:30), for which at 100* is about 0.29. 

Representative polypeptides of this subgenus include, but are not limited 
to: 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
15 10 15 

Gin Asp Leu Arg Arg Arg Ala Phe Tyr Asp Lys Val Ala Glu Lys 
20 25 30 

Leu His Thr Ala NH 2 (SEQ ID NO: 22) . 



Still another aspect of this invention includes polypeptide analogs of 
the physiologically active truncated homolog bPTH(l-34) , as shown in 
Formula (II) 

Xaa 1 Val Ser Glu He Gin Xaa 7 Xaa 8 His Asn Leu Gly Lys His Leu Xaa 16 Ser Xaa 18 
20 Xaa 19 Arg Xaa 2 ' Xaa 22 ' 3 ' His Asn Xaa 34 Term, wherein: 

Xaa 1 is Ser or Ala; 

Xaa 7 is Leu or Phe; 

Xaa 8 is Met or Nle; 

Xaa 16 is Asn or Ser; 
25 Xaa 18 is Leu, Met, or Nle; 

Xaa 19 is Glu or Arg; 

Xaa 21 is Val or Arg; 

Xaa 22 * 31 is selected from (SEQ ID NO: 26, 27, 28, 29, and 30) ; 
Xaa 34 is Phe or Tyr; 
30 Term is OH or NR 2 , where each R is H or (C, -C 4 ) alkyl ; and the 

pharmaceutical ly acceptable salts thereof. (Formula II) 
Representative polypeptides include, but are not limited to: 

Ala Val Ser Glu lie Gin Phe Nle His Asn Leu Gly Lys His Leu 
35 1 5 10 15 

Ser Ser Nle Glu Arg Val Glu Leu Leu Glu Lys Leu Leu Glu L ys 

20 25 30 

40 Leu His Asn Tyr NH 2 (SEQ ID NO: 23) and 



Ala Val Ser Glu lie Gin Phe Nle His Asn Leu Gly Lys His Leu 
15 10 15 

Ser Ser Nle Arg Arg Arg Glu Leu Leu Glu Lys Leu Leii Glu Lys 
20 25 30 



Leu His Asn Tyr NH^ (SEQ ID NO: 24) . 
50 In still another aspect of this invention, it has surprisingly been 

found that homologs and analogs of PTH and PTHrP having less than 34 amino 
acids are also potent bone remodeling agents. These compounds are of 



BNSOOCID: <WO " 9401460A1 I > 



WO 94/01460 



PCT/US93/06465 



-18- 



10 



general formula: 

Ala val Ser Glu Xaa 5 Gin Leu Leu His Asp Xaa" Gly Xaa 13 Ser He Gin Asp Leu 
Xaa' 9 Arg Xaa 2 ' Xaa 22 ' 31 Xaa 32 Xaa 33 Xaa" Term, 

Representative polypeptides include, but are not limited to: 

Compound 41 : AVSEHQLLHD KGKSIQDLRR RELLEKLLEK LHP-NH 3 (SEQ ID NO: 55) 
Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 

1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 

20 25 30 

Leu His Pro NH; (SEQ ID NO: 55) . 



[Qflo 25 -53 .80 (c 0.38, H.O) 



Physical Dai- a 
15 m.p. 142 .8-166 .1°C 

FAB (C I73 H W5 N 55 0 49 ) : [M+H] + 3929 

AAA: Asx 2.0 (2) Glx 5.7 (6) S er 1.8 (2) 

His 3.0 (3) Gly l.i (i) Ala 0.9 (1) 

^ST. 2.8 (3) Val 1.2 (1) He 0.9 (1) 

20 Leu 7 -4 (8) Lys 4.4 (4) Pro 0.9 U) 

Compound 42 : AVSEHQLLHD KGKSIQDLRR RELLEKLLEK LP-NH. (SEQ ID NO:56) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 

1 5 10 X5 

25 Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 

20 25 30 

Leu Pro NH ; (SEQ ID NO:56) . 

Physical Data 

30 m -P- 161. 0-177. 0-C [ a ] D * -61.97 (c 0.19, H.O) 

FAB (C| ff7 H 288 N 32 0 4 g) : [M+H] + 3792.0 

AAA: Asx 2.2 (2) Glx 5.9 (6) Ser 1.9 (2) 

His 2.1 (2) Gly l.l (l) Ala 1.0 (1) 

Arg 3.0 (3) Val 1.1 (i) He i.o (1) 

35 Leu 7.9 (8) Lys 4.3 (4) Pro 0.9 (1) 

The skilled artisan will appreciate that numerous permutations of the 
polypeptide analogs may be synthesized which will possess the desirable 
attributes of those described herein provided that an amino acid sequence 
40 having a mean hydrophobic moment per residue at 100° ± 20° greater than 

about 0.20 is inserted at positions (22-31) . 
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Classical Synthesis of the Polypeptides 

The polypeptides of the instant invention may be synthesized by 
methods such as those set forth in 
5 J.M. Stewart and J.D. Young, Solid Phase Peptide Synthesis, 2nd ed., Pierce 

Chemical Co., Rockford, Illinois (1984) and J. Meienhofer, Hormonal 
Proteins and Peptides, Vol. 2, Academic Press, New York, (1973) for solid 
phase synthesis and E. Schroder and K. Lubke, The Peptides, Vol. 1, 
Academic Press, New York, (1965) for solution synthesis. 

10 In general, these methods involve the sequential addition of 

protected amino acids to a growing peptide chain. Normally, either the 
amino or carboxyl group of the first amino acid and any reactive side chain 
group are protected. This protected amino acid is then either attached to 
an inert solid support, or utilized in solution, and the next amino acid in 

15 the sequence, also suitably protected, is added under conditions amenable 

to formation of the amide linkage. After all the desired amino acids have 
been linked in the proper sequence, protecting groups and any solid support 
are removed to afford the crude polypeptide. The polypeptide is desalted 
and purified, preferably chromatographically, to yield the final product . 

20 A preferred method of preparing the analogs of the physiologically 

active truncated polypeptides, having fewer than about forty amino acids, 
involves solid phase peptide synthesis. In this method the a-amino (IT) 
functions and any reactive side chains are protected by acid- or 
base -sensitive groups. The protecting group should be stable to the 

25 conditions of peptide linkage formation, while being readily removable 

without affecting the extant polypeptide chain. Suitable a-amino 
protecting groups include, but are not limited to t-butoxycarbonyl (Boc) , 
benzyloxycarbonyl (Cbz) , o- chl orobenzyloxy car bony 1, 
biphenylisopropyloxycarbonyl , t- amy 1 oxy carbony 1 (Amoc) , 

3 0 i sobornyloxycarbony 1 , of , or - dimethyl -3,5- dime thoxybenzy 1 oxy - carbony 1 , 

o-nitrophenylsulf enyl , 2 - cyano- t-butoxycarbonyl , 9 - f luorenylme thoxy carbony 1 
(Fraoc) and the like, preferably jt-butoxycarbonyl (Boc) . Suitable side 
chain protectin g groups include, but are not limited to: acetyl, benzyl 



(Bzl) , benzyloxymethyl (Bom), o -bromobenzyl oxy carbony 1, t -butyl, 
35 t - butyl dime thylsilyl, 2 -chlorobenzyl (Cl-z) , 2, 6-dichlorobenzyl , 

cyclohexyl, cyclopentyl, isopropyl, pivalyl, tetrahydropyran-2 -yl , tosyl 
(Tos) , trimethylsilyl, and trityl. 

In solid phase synthesis, the C- terminal amino acid is first attached 
to a suitable resin support. Suitable resin supports are those materials 
40 which are inert to the reagents and reaction conditions of the stepwise 

condensation and deprotection reactions, as well as being insoluble in the 
media used. Examples of commercially available resins include 
styrene/divinylbenzene resins modified with a reactive group, e.g., 
chloromethylated co-poly- (styrene-divinylbenzene) , hydroxymethylated co- 
45 poly- (styrene-divinylbenzene) , and the like. Benzylated, hydroxy - 
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methylated phenyl acetamidomethyl (PAM) resin is preferred. When the 
C- terminus of the compound is an amide, a preferred resin is 
p - me thylbenzhydrylamino-co-poly ( s tyrene - divinyl - benzene ) re s in 

Attachment to the PAM resin may be accomplished by reaction of the 
5 N--protected amino acid, preferably the Boc-amino acid, as its ammonium, 

cesium, triethylammonium, 1 , S -diazabicyclo- [5 . 4 . 0] undec-S -ene , 
tetramethylammonlum, or similar salt in ethanol, acetonitrile ,' 
N,N-dimethylformamide (DMF). and the like, preferably the cesium salt in 
DMF, with the resin at an elevated temperature, for example between about 
10 40" and 60«C, preferably about 50«C, for from about 12 to 72 hours, 

preferably about 48 hours. 

The N»- Boc-amino acid may be attached to the benzhydrylamine resin by 
means of. for example, an N, N' -diisopropylcarbodiimide 

(DIC)/l-hydroxybenzotriazole (HOBt) mediated coupling for from about 2 to 
15 about 24 hours, preferably about 2 hours at a temperature of between about 

10- and 50»C, preferably 25«C in a solvent such as dichloro- me thane or 
dimethylf ormamide , preferably di chlorome thane . 

The successive coupling of protected amino acids may be carried out 
by methods well known in the art, typically in an automated peptide 
20 synthesizer. Following neutralization with triethylamine or similar base, 

each protected amino acid is preferably introduced in approximately 1.5 to 
2.5 fold molar excess and the coupling carried out in an inert, nonaqueous, 
polar solvent such as dichloromethane, DMF, or mixtures thereof, preferably 
in dichloromethane at ambient temperature. Representative coupling agents 
are N,N' -dicyclohexylcarbodiimide (DCC) , N,N- -diisopropyl-carbodiimide 
(DIC) or other carbodiimide, either alone or in the presence of 
1-hydroxybenzotriazole (HOBt), 0-acyl ureas, 

benzotriazol - 1 -yl - oxytris (pyrrolidine) phosphonium hexaf luorophosphate 
(PyBop), N-hydroxysuccinimide, other N - hydroxy imides, or oximes. 
Alternatively, protected amino acid active esters (e.g. p-nitrophenyl, 
pentafluorophenyl and the like) or symmetrical anhydrides may be used. 

At the end of the solid phase synthesis the fully protected peptide 
is removed from the resin. When the linkage to the resin support is of the 
benzyl ester type, cleavage may be effected by means of aminolysis with an 
alkylamine or f luoroalkylamine for peptides with an alkylamide C- terminus, 
or by aminolysis with, for example, ammonia/methanol or ammonia/ethanol for 
peptides with an unsubstituted amide C- terminus, at a temperature between 
about -10° and 50»C, preferably about 25°C, for between about 12 and 24 
hours, preferably about 18 hours. Peptides with a hydroxy C- terminus may 
be cleaved by HF or other strongly acidic deprotection regimen or by 
saponification. Alternatively, the peptide may be removed from the resin 
by transesterification, e.g., with methanol, followed by aminolysis or 
saponification. The protected peptide may be purified by silica gel 
chromatography . 

The side chain protecting groups may be removed from the peptide by 
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treating the aminolysis product with, for example, anhydrous liquid 
hydrogen fluoride in the presence of anisole or other carbonium ion 
scavenger, treatment with hydrogen fluoride /pyridine complex, treatment 
with tris (trif luoroacetyl) boron and trif luoroacetic acid, by reduction with 
5 hydrogen and palladium on carbon or polyvinylpyrrolidone, or by reduction 

with sodium in liquid ammonia, preferably with liquid hydrogen fluoride and 
anisole at a temperature between about -10° and +10 °C, preferably at about 
0°C, for between about 15 minutes and 2 hours, preferably about 1.5 hours. 
For peptides on the benzhydrylamine resin, the resin cleavage and 

10 deprotection steps may be combined in a single step utilizing liquid 

hydrogen fluoride and anisole as described above. 

The solution may be desalted (e.g. with BioRad AG-3® anion exchange 
resin) and the peptide purified by a sequence of chromatographic steps 
employing any or all of the following types: ion exchange on a weakly basic 

15 resin in the acetate form; hydrophobic adsorption chromatography on 

underivatized co-poly (styrene-divinylbenzene) , e.g. Amberlite® XAD; silica 
gel adsorption chromatography; ion exchange chromatography on 
carboxymethyl cellulose ; partition chromatography, e.g. on Sephadex® G-25; 
countercurrent distribution; or high performance liquid chromatography 

20 (HPLC) , especially reversed-phase HPLC on octyl- or octadecylsilylsilica 

(ODS) bonded phase column packing. 

Thus, another aspect of the present invention relates to processes 
for preparing polypeptides and pharmaceutical ly acceptable salts thereof 
which processes comprise sequentially condensing protected amino acids on a 

25 suitable resin support, removing the protecting groups and resin support, 

and purifying the product, to afford analogs of the physiologically active 
truncated homologs and analogs of PTH and PTHrp, preferably of PTH(l-34) 
and PTHrp (1-34), in which the amino acids at positions (22-31) form an 
amphipathic cr- helical peptide sequence, as defined above. 



30 



Recombinant Synthesis of the Pol voept ides 

Al.te rnat ively / _the_polypeptides_of_this_inventio n_ma y_be_pre pared_b y_ 



cloning and expression of a gene encoding for the desired polypeptide . In 
35 this process, a plasmid containing the desired DNA sequence is prepared and 

inserted into an appropriate host microorganism, typically a bacteria, such 
as E. coli, or a yeast, such as Saccharomyces cerevisiae, inducing the host 
microorganism to produce multiple copies of the plasmid, and so of the cDNA 
encoding for the polypeptide analogs of this invention. 
40 First, a synthetic gene coding for the selected 

PTH or PTHrp analog is designed with convenient restriction enzyme cleavage 
sites to facilitate subsequent alterations. Polymerase chain reaction 
(PCR) , as taught by Mullis in U. S. Patent Nos . 4,683,195 and 4,683,202, 
may be used to amplify the sequence. 
45 The amplified synthetic gene may be isolated and ligated to a 
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suitable plasmid, such as a Trp LE pl asm id, into which four copies Qf 
gene may be inserted in tandem. Preparation of Trp LE plasmids is 

tllZlT f r at6nt 4 ' 738 ' 921 Eu -P«- P-tent Publication No. 

02X2532 xrp LE plasmids generally produce 8-10 times more protein than 
Trp E plasmids. The multi-copy gene may then be expressed in an 
appropriate host, such as E. call or 5. cere^isias. 

The specific expression vector used herein was Trp LE 18 Prot <lle> 
Pro') containing the following elements: a pBR322 fragment (EcoRI-3amHl) ' 
containing the ampicillin resistant gene and the plasmid origin of 
replication; an EcoRI-SacII fragment containing the trp promoter and the 
trp E gene; an HIV protease <Ile>,Pro<> gene fragment (Sacll-Hindlll, ; a bGRF 
gene fragment (Hindlll-BamHI) ; and a transcription terminator from E. call 
rpoc gene. The HIV protease and bGRF gene fragments are not critical and 
may be replaced with other coding sequences, if desired. 

The expressed multimeric fusion proteins accumulate intracellular^ 
into stable inclusion bodies and may be separated by centrifugation from 
the rest of the cellular protein. The isolated fusion protein is converted 
to the monomeric PTH or PTHrp analog and may be purified by cation exchange 
ana/or reverse phase HPLC. 

Alternative methods of cloning, amplification, expression, and 
purification will be apparent to the skilled artisan. Representative 
methods are disclosed in Maniatis, et al . , Molecular Cloning a laboratory 
Manual, 2nd Ed., Cold Spring Harbor Laboratory (1989). 

25 Utility and Administration 

The polypeptides of this invention are useful for the prevention and 
treatment of a variety of mammalian conditions manifested by loss of bone 
mass. in particular, the compounds of this invention are indicated for the 
prophylaxis and therapeutic treatment of osteoporosis and osteopenia in 

3 0 humans . 

in general, the polypeptides of this invention, or salts thereof, are 
administered in amounts between about 0.002 and 1 M g/kg body weight per 
day, preferably from about 0.04 to about 0.2 „g/kg body weight per day 
For a SO kg human female subject, the daily dose of active ingredient is 
35 from about 0.1 to about 50 ,igs, preferably from about 2.0 to about 10 „gs 

In other mammals, such as horses, dogs, and cattle, higher doses may be 
required. This dosage may be delivered in a conventional pharmaceutical 
composition by a single administration, by multiple applications, or via 
controlled release, as needed to achieve the most effective results, 
preferably one or more times daily by injection. 

The selection of the exact dose and composition and the most 
appropriate delivery regimen will be influenced by, inter alia, the 
pharmacological properties of the selected polypeptide, the nature and 
severity of the condition being treated, and the physical condition and 



40 



BNSOOCICh < WO 940 1 460A 1 _l _> 



WO 94/01460 



PCT/US93/06465 



-23- 

mental acuity of the recipient . 

Representative delivery regimens include oral, parenteral (including 
subcutaneous, intramuscular and intravenous), rectal, buccal (including 
sublingual), pulmonary, transdermal, and intranasal. 
5 Pharmaceutically acceptable salts retain the desired biological 

activity of the parent polypeptide without toxic side effects. Examples of 
such salts are (a) acid addition salts formed with inorganic acids, for 
example hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric 
acid, nitric acid and the like; and salts formed with organic acids such 

10 as, for example, acetic acid, oxalic acid, tartaric acid, succinic acid, 

maleic acid, fumaric acid, gluconic acid, citric acid, malic acid, ascorbic 
acid, benzoic acid, tannic acid, pamoic acid, alginic acid, polyglutamic 
acid, naphthalenesulf onic acids, naphthalene disulfonic acids, 
polygalacturonic acid and the like; (b) base addition salts formed with 

15 polyvalent metal cations such as zinc, calcium, bismuth, barium, magnesium, 

aluminum, copper, cobalt, nickel, cadmium, and the like; or with an organic 
cation formed from N,N' -dibenzylethylenediamine or ethylenediamine ; or (c) 
combinations of (a) and (b) , e.g., a zinc tannate salt and the like. 

A further aspect of the present invention relates to pharmaceutical 

20 compositions comprising as an active ingredient a polypeptide of the 

present invention, or pharmaceutically acceptable salt thereof, in 
admixture with a pharmaceutically acceptable, non- toxic carrier. As 
mentioned above, such compositions may be prepared for parenteral 
(subcutaneous, intramuscular or intravenous) administration, particularly 

25 in the form of liquid solutions or suspensions ; for oral or buccal 

administration, particularly in the form of tablets or capsules; for 
pulmonary or intranasal administration, particularly in the form of 
powders, nasal drops or aerosols; and for rectal or transdermal 
administration. 

30 The compositions may conveniently be administered in unit dosage form 

and may be prepared by any of the methods well-known in the pharmaceutical 
art, for example as described in Remington's Pharmaceutical Sciences, 17th 

ed. . Mack Publishing Company , Easton, PA. , (1985). Formulations for 

parenteral administration may contain as excipients sterile water or 

35 saline, alkylene glycols such as propylene glycol, polyalkylene glycols 

such as polyethylene glycol, oils of vegetable origin, hydrogenated 
naphthalenes and the like. For oral administration, the formulation can be 
enhanced by the addition of bile salts or acyl carnitines. Formulations for 
nasal administration may be solid and may contain excipients, for example, 

40 lactose or dextran, or may be aqueous or oily solutions for use in the form 

of nasal drops or metered spray. For buccal administration typical 
excipients include sugars, calcium stearate, magnesium stearate, 
pregelatinated starch, and the like. 

When formulated for nasal administration, the absorption across the 

45 nasal mucous membrane may be enhanced by surfactant acids, such as for 
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example glycocholic acid, cholic acid, taurocholic acid, ethocholic acid, 
deoxycholic acid, chenodeoxycholic acid, dehydrocholic acid 
glycodeoxycholic acid, cyclodextrins and the like in an amount in the range 
between about 0.2 and 15 weight percent, preferably between about 0 5 and 4 
5 weight percent, most preferably about 2 weight percent. 

Delivery of the compounds of the present invention to the subject 
over prolonged periods of time, for example, for periods of one week to one 
year, may be accomplished by a single administration of a controlled 
release system containing sufficient active ingredient for the desired 
10 release period. Various controlled release systems, such as monolithic or 

reservoir- type microcapsules, depot implants, osmotic pumps, vesicles 
micelles, liposomes, transdermal patches, iontophoretic devices and 
alternative injectable dosage forms may be utilized for this purpose 
Localization at the site to which delivery of the active ingredient is 
desired is an additional feature of some controlled release devices, which 
may prove beneficial in the treatment of certain disorders. 

One form of controlled release formulation contains the polypeptide 
or its salt dispersed or encapsulated in a slowly degrading, non-toxic, 
non-antigenic polymer such as copoly (lactic/glycolic) acid, as described in 
the pioneering work of Kent, Lewis, Sanders, and Tice, U.S. 4,675,189 The 
compounds or. preferably, their relatively insoluble salts, may also be 
formulated in cholesterol or other lipid matrix pellets, or silastomer 
matrix implants. Additional slow release, depot implant or injectable 
formulations will, be apparent to the skilled artisan. See, for example. 
Sustained and Controlled Release Drug Delivery Systems, J. R. Robinson ed 
Marcel Dekker, Inc., New York. 1978, and R. W. Baker. Controlled Release of 
Biologically Active Agents, John Wiley & Sons. New York, 1987. 

The following specific Examples are intended to illustrate the 
synthesis and testing of representative compounds of the invention and 
should not be construed as limiting the scope of the claims. In the 
Examples, »m. p." is melting point, [<*] is the optical activity at 
25 °C at the given concentration in the indicated solvent, "FAB" is fast 
atom bombardment mass spectrometry, and "AAA" is amino acid analysis, with 
expected values in parentheses following the observed values. The amino 
35 acid analyses were conducted on a Hewlett-Packard AminoQuant Analyzer 

following the manufacturer's recommended protocols. Primary amino acids 
were derivatized with o-phthalaldehyde; secondary amino acids with Fmoc. 
Fluorescent detection of the derivatized amino acids was used for 
quantification. The protected amino acids were obtained from Applied 
40 Biosystems Inc. (Foster City, CA) . 
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EXAMPLE I 



10 



Compound 1 (SEQ ID NO: 7) was prepared on 0.5 mmol scale by the solid 
phase method on 4 -methylbenzhydrylamine resin, using an automated Applied 
Biosystems Model 430A peptide synthesizer. The or-amino groups were 
protected with t - bu toxy car bony 1 (Boc) . The side chain protecting groups 
were: benzyl (Bzl) for Asp, Glu, and Ser; tosyl (Tos) for Arg; 
benzyloxymethyl (Bom) for His; and 2 - chlorobenzyl (Cl.-z) for Lys. The 
amino acids were coupled sequentially using N, N-dicyclohexylcarbodiimide/l - 
hydroxybenzotriazole (DCC/HOBt) following Stewart and Young (supra) . After 
each amino acid coupling, the peptide was acetylated using a mixture of 
acetic anhydride and diisopropylethylamine in N-methylpyrrolidone . The 
completed peptide was cleaved from the resin with simultaneous deprotection 
of the side chain protecting groups using anhydrous HF (25 mL) in the 
15 presence of anisole (2.5 mL) at -10°C for 30 minutes and at 0*C for 60 

minutes. After evaporation of the HF in vacuo, the residue was washed with 
anhydrous ether, and the crude peptide extracted with 10% acetic acid. 
Lyophilization of the 10% acetic acid extract gave 900 mgs of crude 
product. The peptide was purified by medium pressure ODS reversed phase 
column chromatography using a gradient of 22-45% CH 3 CN in 0.1% TFA. The 
product eluted in three fractions, which were concentrated and lyophilized 
to give 130 mgs of white solid of >98% purity. 
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Compound 1 : 

M/g TCH flT ,T .HPXGKS I ODLRRRE T - T * T -^KXHTA ■ NH-> (SEQ ID NO: 7] 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
1.5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 



Leu His Thr Ala NH 2 (SEQ ID NO: 7) 
35 Ph^ical Data: m.p. 150-159-C [a] o 23 -34 .88- (c 0.16, H 2 0) 

a.rcj&^'u n 'S ffVS'.i! ^ .,««, »,7»>, yy, i in>, 

(TsUl); Ala! 1.9(2); Arg, 2.8(3); Val, 1.0(1); He, 0.9(1); Leu, 
40 7.3 (8) ; Lys, 4.0 (4) . 

Similarly, Compounds 2, 5-18, 21-27, 29-36, 38-48, 50-54, 58-64 and 
66-70 were prepared and characterized, substituting PAM resin as needed for 
45 the synthesis of hydroxy- terminal polypeptides. 
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Compound 2: 

AvsBHpr,THnKnKsioDT.ppp g T.T. P vT T JiKIm . AM fop „ Tp rn r) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser ^ 

10 IS 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 

10 25 30 
Leu His Thr Ala OH (SEQ ID NO: 6) 

Physical n a i- a ■ m p 154.1700c r , * 

FAB (C.^.N^O*) : [M + k] + 4005 0 ^ D - 49 - 35 ° < = 0.46, H 2 0) 

M ' Zi'iJfSL'. J^?;^; f^^ai' Hif U ?-<3,; Gly 

7.8(8); Lys, 4.2(4)! J * 0 ^>, Val, 1.2(1); He, 1.0(1); Leu, 

20 



Compound ^ • 

AVSEHQLLHDKGKff TODTiPRI^LLEPT.r.pPT.tyr^.Q^ , gBn T „ 

25 Ala Val ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 



30 



35 



50 



55 



Gin Asp Le U Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu Glu Arg 

25 30 

Leu His Thr Ala OH (SEQ ID NO: 15) 

Physica l Data - m „ 147-ifi«?o r r , „ 

**B (C^H^O,,) : [M + H]+406l ^ -49.17o (c 0.66, H 2 G) 

"* ~« sw-a; - 



40 Compound 6 : 

AVSEHpLLHDRGRSI QDLRPRRT . T . KR LLEPT.HTy^ (fiKn Tn wn . 1c , 

Ala Val ser Glu His Gin Leu Leu His Asp Arg Gly Arg Ser lie 
45 b .10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu Glu Arg 



20 25 30 



Leu His Thr Ala OH (SEQ ID NO: 16) 

;al Pflttfi: m.p. 1S0-170°C 
^raHj^NeOj,) : [M+H] + 4118.0 

ttjj?;^.' f^f:-; -j.^.o,, 



AAA * - ----- 
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Compound 7 : 

AVSEHOLLHDRGRSIODLRRRELLERLLKRLHTA-GH (SEP XD NO: 17) 

Ala Val Ser Glu His Gin Leu Leu His Asp Arg Gly Arg Ser lie 
15 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu Lys Arg 
20 25 30 

Leu His Thr Ala OH (SEQ ID NO: 17) 



Physical Data: m.p. 177-182°C [a] D * -46.17° {c 0.14, H 2 0) 

FAB (CnfiH^NwOso) : [M+H] + 4117 
15 AAA- Asp, 2.0(2); Glu, 4.8(5); Ser, 1.8(2); His, 3.2(3); Gly, 1.1(1); Thr, 

0.9(1); Ala, 1.9(2); Arg, 6.7(7); Val, 1.0(1); He, 1.0(1); Lys, 

7.7(8) ; Lys, 0.9 (1) . 

20 

Compound 8: 

AVSEHOLLHDKGKS IODLRRRELLEKLLRKLHTA- O H (SEP ID NO: 5) 

25 Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 

1 5 10 * 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu. Lys Leu Leu Arg Lys 
20 25 30 



Leu His Thr Ala OH (SEQ ID NO: 5) 



Physical Data: m.p. 147-165°C [Of] -49.17° (c 0.66, H 2 0) 

FAB (C n( cH«<N«0 4 «) : [M+H] + 4033 . 0 
35 AAA: AspT 2.0(2); Glu, 4.8(5); Ser, 1.8(2); His, 2.7(3); Gly, 1.1(1); Thr, 

0.9(1); Ala, 2.0(2); Arg, 3.9(4); Val, 1.0(1); He, 1.0(1); Leu, 
7.9 (8) ; Lys, 4.0(4) . 

4 0 Compound 9 : 

^VQFHQTT. ^nTCPiKSTODLRRRELLEKLLEKLHTAGRR-OH (SEP ID NO: 10) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
45 1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

50 Leu His Thr Ala Gly Arg Arg OH (SEQ ID NO: 10) 

35 

Physical Data: m.p. 158-160°C [alp 25 -44.76° (c 0.1, H 2 0) 

1.0(1); Ala, 1.9(2); Arg, 5.0(5); Val, 1.2(1); He, 1.0(1); Leu, 
7.8 (8) ; Lys, 4.3(4) . 

60 



BNSDOCID: <WO 9401460A1_I_> 



WO 94/01460 



PCT/US93/06465 



-28- 



10 



20 



25 



30 



40 



Compound 1 0 : 
AVSEAOLLHDLGTCS Tflr>LRRI^LIjEK" LLEKIiHAL - OH (SEP ID 

Ala Val Ser Glu Ala Gin Leu Leu His Asd Leu Gly Lys Ser He 
1 5 io 



15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 

20 25 30 

Leu His Ala Leu OH (SEQ ID NO: 14) 



Physical Data: m.p. 170-175<»C [a] n 25 -31 59<> (c 0 54 Hm 

FAB (C^A,): [M + H] + 3936.0 . ° ( ° °* 54 ' 

15 AAA: Asp 2.0(2); Glu 6.0(6); Ser, 1.8(2); His, 2.0(2); Gly, 1.2(1)- Ala 

3.0(3); Arg, 2.8(3); Val, 1.1(1); H e , 1.0(1); Leu,' 9 .9(10) ; Lys , ' 



Compound 11: 

AVSRHyj.Tmrr,rc T ODLRmLL RKTiTiBTiT ^ L . NH ^ (SEQ Ip N0 . 1:n 

Ala Val Ser CJlu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
1 5 10 



15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lvs 
20 25 30 

Leu Lys Glu Leu NH 2 (SEQ ID NO: 11) 



Physical Data: m.p. 172-174°C [a] n 25 -43 29° (c 0 2 HO) 

FAB (C I79 H 3M N 55 0 52 ): [M + H] + 4065.8 ° (C0.2, H 2 0) 

35 AAA: Asp 2.2(2); Glu 7.7(7); Ser, 1.7(2); His, 2.0(2); Gly, 1.0(1); Ala, 

1.0(1); Arg, 3.0(3); Val, 1.1(1); He, 1.0(1); Leu, 9.3(9); Lys, 



Compound 12 : 

AVSEIQFXHNLGKHLSSXER VELLEKLLgyLHNY - NH. <X=Nle . SEQ ID NO ,22} 

Ala Val Ser Glu He Gin Phe Nle His Asn Leu Gly Lys His Leu 
45 1 5 10 15 

Ser Ser Nle Glu Arg Val Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

50 Leu His Asn Tyr NH^ (SEQ ID NO: 23) 

Physical Data: m.p. 178°C [cr] D * -36.88<> (c 0.4, H,0) 

FAB (C.kH^soO,,) : [M+H] + 4001.6 

AAA: Asp 2.1(2); Glu 6.5(6); Ser, 2.7(3); His, 3.1(3); Gly, 1.1(1); Ala, 
55 i'2 H J 1.0(1); Tyr, 0.8(1); Val, 2.0(2); Phe, 1.0(1); II 

0.9(1); Leu+Nle, 8.5(7+2); Lys, 3.1(3). 
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Compound 13 : 

AVSEIOFXHNLGKHLSSXRRRELLEKLLEKLHNY-NH, (X^Nle, SE P ID NO: 24) 

Ala Val Ser Glu lie Gin Phe Nle His Asn Leu Gly Lys His Leu 
5 1 5 10 15 

Ser Ser Nle Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

10 Leu His Asn Tyr NH 2 (SEQ ID NO: 24) 

Physical Data: m.p. . 260°C [or] d 23 -37.02° (c 0.2, R>0) 

FAB (C^H^N^O^) : [M+H] + 4084 

AAA: Asp, 2.1(2); Glu, 5.5(5); Ser, 2.6(3); His, 3.1(3); Ala, 1.0(1); Gly, 

15 l.KD; Arg, 3.2(3); Tyr, 1.0(1); Val, 1.0(1); Phe, 1.0(1); lie, 

1.0(1); Leu, 9.0(9); Lys, 3.0(3). 

20 Compound 14 : 

AVSEHOLLHDKGKS IODLRRRALAEALAEALHTA - NHt (S EP ID NO: 20) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
25 I 5 10 15 

Gin Asp Leu Arg Arg Arg Ala Leu Ala Glu Ala Leu Ala Glu Ala 
20 25 30 

30 Leu His Thr Ala NH 2 (SEQ ID NO: 20) 

Physical Data: m.p. 190-225°C la] d 25 -56.58° (c 0.36, H.0) 

FAB (C^H^mO^) : [M+H] + 3747 .0 , x ^ 

AAA: AspV 2.1(2); Glu, 4.9(5); Ser, 1.7(2); His, 2.6(3); Gly, l.KD; Thr, 
35 1.0(1); Ala, 7.6(7); Arg, 2.8(3); Val, 1.2(1); lie, 1.0(1); Leu, 

6.6(6) ; Lys, 1.9 (2) . 



40 



45 



Compound 15 : 

AVSEHQLIJg3KGKSlODLARREI .T.PyT.T.TrTrr,HTA-NHo (SEP ID NO: 12) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
15 10 15 

Gin Asp Leu Ala Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 



50 



Leu His Thr Ala NH 2 (SEQ ID NO:12) 



Physical Data: m.p. 170-180°C [a] tf 5 -48.19- (C 0.2, H 3 0) 

FAB (C 1T ^W?530«,) : [M+H] + 3919.0 
AAA- 2.1(2); Glu, 6.1(6); Ser, 1.7(2); His, 3.1(3); Gly l.KD; Thr, 

. 1.0(1); Ala, 3.0(3); Arg, 2.1(2); Val, 1.1(1); He, 1.0(1); Leu, 
55 8.0(8) ; Lys, 4.4(4) . 
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Compound 1 6 ; 

AVSEHQLLHDKGKS TQDLR&AELLEKLLEKLHTA - WH. f gF. Q ID NO: 13) 
Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 

1 5 in 



15 



Gin Asp Leu Arg Arg Ala Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

Leu His Thr Ala NH, (SEQ ID NO:13) 

Physical Data: m.p. 190-195°C tain 25 -50 50° (c 0 4 HO) 

FAB (C^HwNsA.) = [M + H] + 3919.0 ° * * ' H=P) 

AAA: ^n'n^^iV' ^J'° ie); Ser ' 1 - 8(2 ^' Hi *- 3.1(3); Gly, 1.1(1); Thr, 
• ; f 1 *' 3-0 3 ' Arg, 2.1(2); Val, 1.1(1); He, 1.0(1); Leu 
7.5(8); Lys, 4 .2 (4) . 



Compound 17: 

AVSEHQLLHDKGK5 I ODLRRRSLLSSLLSSLHTA - NR» ( SP fl ID NO: 21) 

25 Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 

1 5 10 15 , 



Gin Asp Leu Arg Arg Arg Ser Leu Leu Ser Ser Leu Leu Ser Ser 
20 25 30 

Leu His Thr Ala NH 2 (SEQ ID NO: 21) 



Physical Data: m.p. 19S-204*C [a] ^ -67.11* (c 0.3, H.0) 

FAB (C I63 H 2g0 N 54 O 50 ) : [M+H] + 3796.0 ° ' " 

35 AAA: Asp 2.1(2); Glu 2.9(3); Ser, 6.8(7); His, 3.1(3); Gly, 1.2(1); Thr, 

1.0(1); Ala, 2.0(2); Arg, 3.0(3); Val, 1.0(1); He, 1.0(1); Leu, 

8.2 (8) ; Lys, 2.0 (2) . 



Compound 1 8 : 

AVgT?wpT,T.HDKGKSIO DLRRRAFYDKVAEKXHTA-NH. (ZKQ ID NO: 22) 

45 Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 

1 5 io 15 



Gin Asp Leu Arg Arg Arg Ala Phe Tyr Asp Lys Val Ala Glu Lys 

20 25 30 

Leu His Thr Ala NJ^ (SEQ ID NO: 22) 



Physical Data: m.p. 200-207*C [cr] D * -60.26* (c 0.6, H,0) 

FAB <C I74 H 284 N 5 « s O 50 ) : [M+H] + 3960.0 
55 AAA: Asp, 2.9(3), Glu, 3.5(4); Ser, 1.4(2); His, 2.6(3); Gly, 0.9(1); Thr, 

1.0(1); Ala, 4.0<4); Arg, 3.0(3); Tyr, 0.9(1); Val, 1.9(2); Phe, 

1.1(1); He, 0.9(1); Leu, 3.6(4); Lys, 4.1(4). 



60 



BNSOOCID: <WO 940146GA1J_> 
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10 



Compound 21 : 

AVSEIOFLHN LGKHLSSLRR RELLEKLLEK LHNY-NH, (SEP ID NO: 35) 

Ala Val Ser Glu He Gin Phe Leu His Asn Leu Gly Lys His Leu 
1 5 10 15 

Ser Ser Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

Leu His Asn Tyr NJ^ (SEQ ID NO: 35) 



Physical Data: m.p. 148-155°C [of] ^ -45.97 (c 0.26, H 2 0) 

FAB (C^^N^) : CM+H] + 4 084 
15 AAA: Asx, 2.1(2); Glx, 5.0(5); Ser, 2.7(3); His, 3.0(3); Gly, 1.0(1); Ala, 

0.9(1); Arg, 3.1(3); Tyr, 0.9(1); Val, 1.0(1); Phe, 0.9(1); He, 

0.9(1); Leu 9.3(9); Lys, 3.2(3). 



20 

Compound 24 : 

AVS EHOLLHD KGKSIODLKL KELLEKLLEK LHTA-NH. (SEP ID NO:38) 

25 Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 

15 10 15 

Gin Asp Leu Lys Leu Lys Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 



30 



40 



45 



50 



55 



Leu His Thr Ala NH, (SEQ ID NO:38) 



Physical Data: m.p. 175-182°C [of] D * -49 . 99 (c 0 .47 , H 2 0) 

FAB(C 175 H 299 N 49 O m ) : [M+H] * 3906.5 
35 AAA: Asx, 2.1(2); Glx, 6.5(6); Ser, 1.8(2); His, 3.1(3); Gly, 1.1(1); Thr, 

1.0(1); Ala, 2.1(2); Val, 1.1(1); He, 1.0(1); Leu, 9.1(9); Lys, 
6.5(6). 



Compound 2 5 : 

mrQttWflT.THn KTi KSIODLRR RELLERLLER LHTA-NH. (SEP ID NO: 39) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
15 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu Glu A rg 

20 25 30 

Leu His Thr Ala-NI^ (SEQ ID NO: 39) 

Physical Data: m.p. 136 . 5-153 . 5°C lot] D M -32.57 (c 0.13, aX)) 

FAB (C n <H^ ffl O<, ) : [M+H] + 4060 . 8 

AAA: Asx, 2.2(2); Glx, 6.2(6); Ser, 1.8(2); His, 3.2(3); Gly, 1.1(1); Thr, 
1.0(1); Ala, 2.1(2); Arg, 5.2(5); Val, 1.1(1); He, 1.1(1); Leu, 
8.4 (8) ; Lys, 2.2 (2) . 



60 
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10 



Compound 2 6 : 

AVSEHQ LLHD KGKSIQDLRR RELLERLLER LHTAP - QH (SEP TD Nn-AH) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
1 5 io 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu. Arg Leu Leu Glu Aro 

20 25 30 

Leu His Thr Ala Pro OH (SEQ ID NO: 40) 



Physical Data: m.p. 125 . 8 - 127 . 2°C [a] -54 62(c 0 23 wn> 

FAB(C,« ) H3 06 N 60 O 5 3) : CM+H] + 4158.0 ° " ' ' ^ 

15 AAA: Asx 2.1(2); Glx, 6.2(6); Ser, 1.8(2); His, 2.9(3); Gly, 1 1(1)- Thr 

I'n I '* ^-°! 2 ! ; Ar9 ' 5 - 1 ( 5 >- V ^l, 1.0(1); lie 1.0(1); Lei) ' 

8.0(8); Lys, 2.1(2); Pro, 1.1(1). ' 



25 



30 



20 

Compound 2 7 : 

AVSEHQLLHD KGKSIQDLRR RELT.R RLLER LHTAGRR - OH (SEP ID NO r 4 11 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
15 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu Glu Arg 
20 25 30 

Leu His Thr Ala Gly Arg Arg OH (SEQ ID NO- 41) 
35 

Physical Data. m.p. 106-137. 3°C [a] n 25 -39 55 (c 0 67 

35 FAB(C I89 H JM N 68 0 M ) : [M+H] + 4430.5 ° " ' ' ' 

AAA: fJn?- 1 ^'' ?^;of' 9 i 6); SSr ', 1 * 6(2) ' His < 2 -7(3); Gly, 2.2(2); Thr, 

I ill]] 9t 7 * 3(7); val - o -*<i>; ne ( i.o<d ; Le u, 

40 

Compound 29 : 

45 AVSEHOTiTiHD KGKSIQ DLRR RELLEKLLEK LHTY-NH, (SEP ID NO: 42) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
50 2 0 25 30 



Leu His Thr Tyr NHj (SEQ ID NO: 43) 

Physical Data: m.p. 160-172°C [a] D * -49.85(c 0.34, &0> 

55 FAB(C I8I H 3(M N^0 52 ) : [M+H] 4096.9 ~ 

AAA: ASX, 2.0(2); Glx, 5.6(6); Ser, 1.7(2); His, 3.1(3); Gly, 1.1(1); Thr 
0.9 1); Ala, 0.9(1); Arg, 3.0(3); Tyr, 0.9(1); Val, 1.0(1); He, 
1.0(1); Leu, 7.7(8); Lys, 4.4(4). 

60 



BNSDOCID: <WO 9401460A1_I_> 



10 
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Compound 3 0 : 

AVSEHPLLHD KGYSIODLRR RELLEKLLEK LHTA-NH, (SEP ID NO: 44) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Tyr Ser lie 
15 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 



Leu His Thr Ala NH 3 (SEQ ID NO; 44) 



Physical Data: m.p. 130-171°C [of] d 25 -40 .65 (c 0.34, H.O) 

FAB(C I78 H 277 N 5j 0 5 ,) : [M+H] + 4039.4 
15 AAA: Asx, 2.0(2); Glx, 5.5(6); Ser, 1.8(2); His, 3.4(3); Gly, 1.1(1); Thr, 

1.0(1); Ala, 2.0(2); Arg, 2.9(3); Tyr, 0.8(1); Val, 1.0(1); He, 

0.9(1); Leu, 7.9(8); Lys, 3.4(3). 



20 

Compound 3 1 : 

. AVSEHPLLHD KGCS I ODLRR RELLEKLLEK LHTA-NH. (SEP ID NO:45) 

25 Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Cys Ser He 

15 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 



30 



45 



Leu His Thr Ala NH 2 (SEQ ID N0:45) 



Physical Data: m.p. 140-160°C [a] o 25 -44.48 (c 0.25, H 3 0) 

FAB(C 1T A r ,N 53 P 5l S 1 ) : [M+H] + 3979 
35 AAA: Asx+Cys, 3.0(2+1); Glx, 5.6(6); Ser, 1.7 (2); His, 3.0(3); Gly, 

1.0(1); Thr, 0.9(1); Ala, 1.9(2); Arg, 2.5(3); Val, 1.0(1); He, 

0.9(1); Leu, 7.5(8); Lys, 3.3(3). 

40 

Compound 32 : 

AVSEHOLLHD KGXSIODLRR RELLEKLLEK LHTA-NH. (S EP ID NO: 46) 
(X = Cvs (CH,C0NH (CHJ ,NH (biotinvl ) ) ) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Xaa Ser He 
1 5 10 15 

Gin - Asp~Leu Arg Arg~Arg _ Gl'u _ Leu~L-eu-Glu-Lys-Leu-Leu-Glu— Lys 

50 20 25 30 

Leu His Thr Ala NH^ (Xaa = Cys <CH 2 C0NH (CH 2 ) JJH (biotinyl ) )) , (SEQ ID NO:46) 

Physical Data: m.p. (not determined) [a] d 25 (not determined) 
55 FAB(C I8e H 316 N59054S 2 ) : [M+H] + 4306.6 

AAA: Asx, 2.2(2); Glx, 6.1(6); Ser, 1.8(2); His, 3.8(3); Gly, 1.0(1); Thr, 
1.0(1); Ala, 2.0(2); Arg, 3.1(3); Val, 1.1(1); He, 0.9(1); Leu, 
8.3 (3) ; Lys, 3.3 (3) . 

60 
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Contpound 33 ; 

AVSEHQLLHD KGXSTOm.PP bpt.t.^. leK LHTA-MH. (SEP ID NO -47) 
5 (X - Lys {7-dimethvlamino-2-o^ 2H- 1 -benxopvran-4 - acetyl ) ) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Xaa Ser He 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
" 20 25 30 

Leu His Thr Ala NH,, (Xaa = Lys (7-dimethylamino-2 -oxo-2H-l - 

benxopyran-4 -acetyl) , (SEQ ID NO:47) 

" i: Stt!:'^ 1 ^t-'ill' f--,.f: 7 '?!' ?'?•..?•*<?>< Gly, u,,,,, Thr . 



15 



20 



25 



30 



40 



50 



55 



60 



65 



Compound 34 : 

AVSEHQLLHD KGKSIOD LRR RELLETOLEK LHTAG-OH (SEQ ID NQ ; 4fll 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
1 5 io 



15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lvs 

20 25 3 b 

Leu His Thr Ala Gly OH (SEQ ID NO-48) 
35 35 

Physical Dar.a : m.p. 92 . 1-146 . 6°C [a] D * -40.76 (c 0 34 H.O) 

M(CmH»K*0fc): [M+H] + 4062,0 ' 2 * 



AAA: ?' 0( ? ); Glx ' 5.7(6); Ser, 1.8(2); His, 3.0(3); Gly, 2 2(2)- Thr 

£1; i.lu) 5 Ar9, 2 * 8(3); Val ' 1 * 2(1); xl * : °-* (1 > : 



45 Compound 3 5 r 

AVSX.HOLLHX, KGKSIOX.LRR RX,LLX.KLLX, K LHA-OH (SEQ ID NO - 49) 
(X, = GlufOCH,) f Y. a Asp(OCH 7 n 



Ala Val Ser Xaa, His Gin Leu Leu His Xaa 2 Lys Gly Lys Ser He 
1 5 io 15 

Gin Xaa 2 Leu Arg Arg Arg Xaa, Leu Leu Xaa, Lys Leu Leu Xaa, Lys 
20 25 30 

Leu His Ala OH (Xaa, = Glu(OCH 3 ) ; Xaaj = Asp(OCH 3 )) (SEQ ID NO:49) 

Physical Data: m.p. (not determined) la] -21.96 (c 0 132 H.O) 
FAB(C J8 ,H 3M N 55 0 52 ) ; [M+H] * 4089.0 ' ' 

AAA: Asx, 2.1(2); Glx, 6.3(6); Ser, 1.8(2); His, 3.3(3); Gly, 1.1(1); Thr 
1.0(1); Ala, 2.0(2); Arg, 3.1(3); Val, 1.1(1); He, 0.9(1); Leu 
8.0(8); Lys, 4.2(4). ' 
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10 



35 



40 



45 



50 



55 



60 



Compound 36: 

AVSX , HOLLHX„ KGKSIOX.LRR RX ,LLX.KLLX,K LHA-OCH, (SEP ID NO: 50) 
(X, = GlufOCHJ ; X - = ASPfOCH,)) 

Ala Val Ser Xaa, His Gin Leu Leu His Xaa 2 Lys Gly Lys Ser He 
1 5 10 15 

Gin Xaa., Leu Arg Arg Arg Xaa, Leu Leu Xaa, Lys Leu Leu Xaa, Lys 
20 25 30 

Leu His Ala OCH 3 (Xaa, = Glu(0CH 3 ); Xaa 2 = Asp (OCH 3 ) ) (SEQ ID NO:50) 



Physical Data: m.p. (not determined) [a] d 22 -46.80 (c 0.07, H.O) 
15 FAB (C,*^H, 15 N«0< 2 ) : [M+H] + 4103 

AAA- Asx, 2 1(2); Glx, 6.2(6); Ser, 1.4(2); His, 3.0(3); Gly, 1.1(1); Thr, 
1.1(1); Ala, 1.7(2); Arg, 3.2(3); Val, 0.6(1); He, 0.9(1); Leu, 
8.0(8) ; Lys, 4.1(4) . 

20 

Compound 3 8 : 

awgpwpT.T.WP KG KSIODLRR RELLEKLLEK LHTAP -OH (SEP ID NO: 52) 

25 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
x 5 10 15- 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 

30 - 20 25 30 

Leu His Thr Ala Pro GH (SEQ ID NP:52) 
35 



Physical Data: m.p. 152 . 1 - 186 . 5°C [al d 25 -55 .91 (c 0.33, H.O) 

FAB (CfiftHvifiN^Ow) : [M+H] + 4102.6 m ^ 

S "fif, 2 0(2); Glx, 5.6(6); Ser, 1.7(2); His, 2.9(3); Gly 1.1(1); Thr, 

0.9(1); Ala, 1.9(2); Arg, 2.9(3); Val, 1.2(1); He, 1.0(1); Leu, 

7.7(8) ; Lys, 4.3(4) . 

Compound 39 : 

AVSEHQT.T.HP KGKSIODLRR REI -T.ttTTT.T.EK- LHTP-OH (SEP ID NP:53) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 

1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 

20 25 30 

Leu His Thr Pro OH (SEQ ID NO:53) 

Physical Data: m.p. 120-148. 2"C ta] D * -52.78 (c 0.47, IU» 

l!o(l); Ala! 0.9(1); Arg, 2.9(3); Val, 1.2(1); He, 0.9(1); Leu, 
7.5(8); Lys, 3.6(3); Pro, 0.9(1). 



BNSDOCID: <WO 9401460A1 J_> 
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10 



15 



20 



30 



35 



40 



50 



60 



Compound 4 0 : 

AVSEHQLLHD KGKSIODLRR RELLEKJ.T.E* LHTP-NH. rs TO ID NO:54) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
1 5 10 



15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 

20 25 3 g 
Leu His Thr Pro NH 2 (SEQ ID NO: 54) 

Physical Data: m.p. 133 .9-155 . re [er] » -54 22 (c 0 37 HO) 

FAB (0,7^302^05,) : [M+H] + 4030.7 D ' °* 37 ' Ha ° ) 

AAA: Asx 2.0(2); Glx, 5.6(6); Ser, 1.9(2); His, 2 9(3)- Glv 1 1(1). Thr 

y.bis;; Lys, 4.2(4); Pro, 0.9(1). 



Compound 4 1 : 

AVSEHQLLHD KGKSIODLPP RELLEmB R LHP-NH. (SEP ID NO: 55) 

25 Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 

1 5 10 



15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

Leu His Pro NH-, (SEQ ID NO:55) 

Physical Data: m.p. 142 . 8 - 166 . 1°C [of] * -53 80 (c 0 38 HOI 

FAB(C 173 H 295 N 5J 0 49 ): [M+H] + 3929 ° ( ° °* 38 ' ^ . 

AAA: foM? ,0 i 2}; ° 1X ' 5 ' 7 < 6) '* Ser ' L8(2); His, 3.0(3); Gly, 1.1(1); Ala 

val - 1 - 2(l); Ile - °- 9(1); 7 -*< 8 ><- 



Compound 42 : 

AVSEHQLLHD KGKSIO DLRR RELLEKLLEK LP-NR, ( SEQ TP NO: 56) 

45 Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 

1 5 10 15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 



Leu Pro NH, (SEQ ID N0:S6) 

Physical Data: m.p. 161 .0-177 .0°C [a] D * -61.97 (c 0 19 H.O) 

V*BlC l€ foJSsfi m ) : [M+H] + 3792.0 ' 2 ' 

55 AAA: Asx 2.2(2); Glx, 5.9(6); Ser, 1.9(2); His, 2.1(2); Gly, 1.1(1)- Ala 

1.0 1 ; Arg, 3.0(3); Val, 1.1(1); He, 1.0(1); Leu 7.9 8) Lys ' 
4.3 (4) ; Pro, 0 .9 (1) . 
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Compound 4 3 : 

AVSEHOLLHD KGKSIQDLRR RELLEKLLEK LHTRSAW-Q H (SEP ID NO: 57) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

Leu His Thr Arg Ser Ala Trp OH (SEQ ID NO: 57) 
35 

Physical Data: m.p. 181-202°C lot] 0 B -45.14 (c 0.19, H.O) 
15 FAB (CiQcH-MfiNfi^Ocfi) : [M+H] + 4435.2 

AAA: K 2 0(2); Glx # 5.8(6); Ser, 2.8(3); His, 2.8(3); Gly, 1.1(1); Thr, 

0.9(1); Ala, 1.9(2); Arg, 3.7(4); He, 0.9(1); Leu, 7.5(8); Lys, 
4.3 (4) ; Trp, 0.9 (1) . 



10 



20 



25 



30 



35 



40 



Compound 44 : 

AVSEHOLLHD RGRS IODLR p PgT.T.PPT.T.ER LHTAGRRTRSAVJ - OH (SEQ ID NO: 58) 

Ala Val Ser Glu His Gin Leu Leu His Asp Arg Gly Arg Ser He 
! 5 10 15 . 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu Glu Arg 
20 25 30 

Leu His Thr Ara Gly Arg Arg Thr Arg Ser Ala Trp OH (SEQ ID NO: 58) 
35 40 

Physical Data: m.p. 130-132. 2«>C [a] * -46.66 (c 0.195, H 2 0) 

FAB(C 2W H MS N.|0«) : [M+H] + 5088.8 

AAA: Asx, 2.2(2); Glx, 6.0 6); Ser, 2.7(3); His, 3.0(3); Gly, 2 2 (2) , Thr, 
2?1(2); Alal 3.0(3); Arg, 10.5(10); Val, 0.9(1); He, 1.0(1); Leu, 
8.2(8) ; Trp, 1.0(1) . 



Compound 4 5 : 

45 AVSEHOLLHD RGRSIODLRR RELLE F T.T.KR T,HTAGRRTRSAW - NH, (SEQ ID NO: 59) 

Ala Val Ser Glu His Gin Leu Leu His Asp Arg Gly Arg Ser lie 

1 5 10 « 

50 Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu Glu Arg 

20 25 30 

Leu His Thr Arg Gly Arg Arg Thr Arg Ser Ala Trp NH 2 (SEQ ID NO:59) 
35 40 

" Ph^ieal Data: m.p. 158-174'C [or] o* -43.57 (c 0.53, Hp) 

FAB (CswflsttNnOft,) : [M+H] + 5087.4 

AAA- Sx 1 9(2); Glx, 5.6(6); Ser, 2.6(3); His, 3.3(3); Gly, 2.1(2); Thr, 
Tom] Ala! 2.9(3); Arg! 10.1(10); Val, 0.9(1); He, 1.0(1); Leu, 
60 8.3 (8) ; Trp 1.1(1) . 
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25 



30 



45 
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Compound 4 6: 

AVSEHQLLHD RGXSIQDLRP RKT.LERI.T.EP T.MH ^ RRTRsawnH <S EO TP B n..n, 

(X « Lvs (dihvH roeinnamovl) ) 



Ala Val Ser Glu His Gin Leu Leu His Asp Arg Gly Xaa Ser He 

5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu Glu Arg 

Leu His Thr Arg Gly Arg Arg Thr Arg Ser Ala Trp OH (Xaa - 
35 40 

15 Lys (dihydrocinnamoyl) , (SEQ ID NO.-60) 

Physic al Data? m.n. 165 4-175 ~> a r r~i 2s . . „ „ , 

FAB(C 22J H 3 7.N 80 0«): [M+HK 5191 ^ 0 - 40 -« (c 0. 20/ H : Q) 

20 WB. liilB: ----- ~- 



Compound 4 7 ! 

AVSEipFXHN IjGKHIjSSXTR SAWLRKTTT.nn V HNY-NH- f.gwQ ID 

(X « norleucine ) 

Ala Val Ser Glu lie Gin Phe Nle His Asn Leu Gly Lys His Leu 
1 5 10 



15 



Ser Ser Nle Thr Arg Ser Ala Trp Leu Arg Lys Lys Leu Gin Asp 
35 20 25 30 

Val His Asn Tyr NH 2 (SEQ ID NO: 61) 



40 AAA 



S5<i>:°jai'" Vi\2>-'}£ ! ;•S'„^ 7 ^ , ' His ' 2 - 8<3); Giy < i Tt -< 

0 9(1)' lie' n'qn ' f^ 9, K,?-°i 2 i'; Tyr ' 10 <1>' v al. 1.7(2); Phe, 
0.9(1), He. 0.9(1); Leu+Nle 5.8(2+4); Lys, 3.4(3); Trp, l.l(i)! 



Compound 4 8 : 

AVS EHQLLHD KGK5TODT.PR RELLKTTT.T.By LHTMA-WHl (SEP ID NO-fi^ 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
1 5 io 



15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

Leu His Thr Met Ala NH, (SEQ ID NO : 62 ) 
35 

Physical Data: m.p. 14O-210°C l a ] » -47 75 / c 0 17fl Hn i 

60 FABICuoH^N^,) : [M+H] + 4135.0 ° ' * ' 

AAA: t S nM?' 3 i 2); G1X ' 6 - 6(6 >'- S «. 1.4(2); His, 3.2(3); Gly, 1.1(1)- Thr 

• ; £*• »**> 3.1(3); Val, 0.9(1); Met 1.1 1) He ' 

1.0(1); Leu, 8.8(8); Lys, 4.4(4). 

65 
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Compound 5 0 : 

AVS EHOLLHD KGKSIQDLRR RFFLEKLLEK LHTA-NH, (SEP ID NO : 64 ) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
15 10 15 

Gin Asp Leu Arg Arg Arg Phe Phe Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

Leu His Thr Ala NH 2 (SEQ ID NO: 64) 
35 



Physical Data: m.p. 136 . 5 - 156 . 8°C [a] d 25 -49.89 (c 0.24, H.O) 

15 FAB(Ci r H 300 N5^O^) : [M+H] + 4056.0 

AAA: Asx, 2.2(2); Glx, 5.0(5); Ser, 1.9(2); His, 3.3(3); Gly, 1.0(1); Thr, 
1.0.(1); Ala, 2.1(2); Arg, 3.1(3); Val, 1.0(1); Phe, 2.0(2); He, 
0.9(1); Leu, 7.2(7); Lys, 3.5(4). 

20 

Compound 51 : 

AVS EHOLLHD KGKSIQDLRR RELLHKLLEK LHTA-NH-, (SEP ID NO: 65) 

25 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
15 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu His Lys Leu Leu Glu Lys 
30 20 25 30 

Leu His Thr Ala NJL, (SEQ ID NO: 65) 

Physical Data: m.p. 80 . 7-.141 . 0°C [of] d 25 -55.38 (c 0.23, H 2 0) 

35 FAB (CneHjooNttO*) : [M+H] + 4012 .8 

AAA: Asx, 2.2(2); Glx, 4.9(5); Ser, 1.8(2); His, 4.3(4); Gly, 1.1(1); Thr, 

1.0(1); Ala, 2.0(2); Arg, 3.1(3); Val, 1.1(1); He, 1.0(1); Leu, 

8.1(8) ; Lys, 3.9 (4) . 



Compound 52 : 

AVSEHOT-T.wn KTTCSIODLRR RELLEHLLEK LHTA-NH , (SEP ID NO: 66) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
1 5 10 15 



Gin Asp Leu Arg Ar^Ar^Gll^Iieu"L-eu-Glu-Hi-s-Leu-Leu-G-l-u— Lys- 
20 25 30 

Leu His Thr Ala NHj (SEQ ID NO: 66) 



Physical Data: m.p. 134 . 3 -157 . 9*C [a] * -50.72 (c 0.45, H 2 0) 

55 IS^Wx^rS; J?&), Ser, X.8< 2 >; His, 4.2,4); Gly 1.1(1,, Thr, 

1.0(1); Ala, 2.0(2); Arg. 3.0(3); Val, 1.1(1); He, 0.9(1); Leu, 
8.1(8) ; Lys, 3.1(3) . 



SO 
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Compound 5 3 : 

AVSEHQLLHD KGKSIODL RR RELLEKLIAK LHTA-NR, (SEP ID Nn-fi7» 

Ala val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu He Ala Lvs 

20 25 30 

Leu His Thr Ala mV, (SEQ ID NO: 67) 

Physical Data: " m.p. 142 . 7 - 159 . 8°C £«} * -54 01 (c 0 21 r.o» 

FAB(C 173 H 298 N 56 0 49 ) : [M+H] + 3946.0 ° * °' 21 ' ^ 

AAA: ^\J' 2l V ! ° 1X ' 4 * 9 < 5 >'' Ser < 1-8(2); His, 3.1(3); Gly, 1 1(1)- Thr 

£ a ; J:iiii: to9 ' 3 * 1(3); val ' 1 - 0(1); Ile: ^i: 



Compound 54 : 

AVSEHQLLHD KGKSIODLRR PST.T.T? KLLEE IHTA-NH, (SEQ ID NO:Sfll 

25 Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 

1 5 10 



15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Glu 
20 25 30 

He His Thr Ala NH 2 (SEQ ID NO: 68) 

Physical Data- m.p. 138-18S"C [a] * -50.17 (c 0 14 R,0) 

FAB ( C^H^O*) : [M+H] * 4 005 ° ' ' " ? 

AAA: l S om" 2 i? ); ^ t t ,l' 1{7): Ser ' 1 ' 7 < 2 >'- His ' 2.8(3); Gly, 1.0(1); Thr, 
7.*?<7); L^s! 2l\V) '* 3 * 1(3) - Val < Lid); He, 1.7(2); Leu, 



Compound 58 : 

AVS EHOIjT iHD KGKSI ODLRR RELLEKLLEK LHTRSAW-NH, (SEP ID NO: 72) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

Leu His Thr Arg Ser Ala Trp NH 2 (SEQ ID NO: 72) 
35 



Z*Z S ,i Cal Pata: m - p I 158-163*C [a]^ -46.06 (c 0.17, &0) 

55 FAB(C l95 H 327 N 63 0 53 ) : [M+H] 4434.8 ' 

AAA: Asx, 2.0(2); Glx, 5.5(6); Ser, 2.7(3); His, 3.1(3); Gly, 1.0(1); Ala, 
1.8(2); Arg, 4.0(4); Thr, 0.9(1); Val, 0.9(1); He, 0.9(1); Leu, 
7.5(8); Lys, 3.9(4); Trp, 1.0(1). 
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Compound 59: 

AVSEHOLLHD KGKSIODLRR RELLEKLLEK LHTRSAX * OH (SEP ID NO: 73) 
(X = Nal(2) = 3- (2-naphthvl) -L-alanine) 

5 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
15 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
10 20 25 30 

Leu His Thr Arg Ser Ala 3- (2 -naphthly) -L-alanine -OH (SEQ ID NO:73) 
35 

15 Physical Data: m.p. 156-162°C [a] ^ -44.44 (c 0.189, H 2 0) 

FAB (C^H^N^Aj) : [M+H] + 4445 . 6 

AAA: Asx, 2.1(2); Glx, 5.5(6); Ser, 2.8(3); His, 2.9(3); Gly, 1.0(1); Ala, 
2.0(2); Arg, 4.0(4); Thr, 0.9(1); Val, 1.0(1); lie, 0.9(1); Leu, 
7.5(8); Lys, 4.2(4); Nal , 1.1(1). 

20 

Compound 6 0 ; 

25 AVSEHOLLHD KGKSIODLRR RELLEKLLEK LHTASAW-OH (SEP ID NO: 74 ) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
l 5 10 15 

30 Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 

20 25 30 



35 



45 



50 



Leu His Thr Ala Ser Ala Trp OH (SEQ ID NO: 74) 
35 



Physical Data: m.p. 159-164°C [a] d 25 -50.94 (c 0.29, H.O) 

FAB(C 19 ^3 2 oN 60 0 55 ) : [M+H] + 4349.0 
AAA: Asx, 2.0(2); Glx, 5.6(6); Ser, 2.7(3); His, 3.2(3); Gly, 1.0(1); Ala, 
3.1(3); Arg, 2.8(3); Thr, 1.0(1); Val, 1.1(1); He, 0.9(1); Leu, 
40 7.6 (8); Lys, 4.0(4); Trp, 1.0(1). 



Compound 61 : 

AVSEHOLT.HD KGKSIODLRR RELLEKLLEK LHTAEIRA- OH (SE P ID NO: 75) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 

— 1 . 5 10 15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 



Leu His Thr Ala Glu He Arg Ala OH (SEQ ID NO: 75) 
55 35 

Physical Data: m.p. 155-210*0 M d 25 "46.15 (c 0.12, H.O) 

KAB(C f tM.Hl^ J47S.. ^ 

60 3.1(3); Arg! 4.0(4); Thr, 0.9(1); Val, 1.1(1); He, 1.9(2); Leu, 

8.1 (8) ; Lys, 4 .1 (4) . 
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Compound 62 : 

AVS EHQLLHD KGKS TQDLRR pe-t.t.p ^ ek lhtartp -r»H ( SR n Tn W n ■ ^, 

Ala Val Ser Glu His Gin Leu Leu His Asp Ly S Gly Lys Ser He 

=» 10 



15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Qlu Lyg ^ ^ ^ ^ 
10 25 30 

Leu His Thr Ala Glu He Arg OH (SEQ ID NO: 76) 



Physic al Data ; m p I86 0ifl 0 r 25 

" FttJCft^o,,, B^igi i404 2 4 Md - 52 - 73 «= 0.265, Hj O, 

Asx, 2.0(2) ; Glx, € 
2.0(2) ; Arg, 3.8(4) 
7.9(8) ; Lys, 4.0(4) 



m " Hi.*- awra rx&sx 



Compound 63 : 

AVSEHQLLHD KGKSIODLRP. PKT.t. P vt.t. P K t-HTIHt-qh f 5E n Tn Bfi .„, 
Ala val ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 



5 10 15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 

20 25 3 £ 

Leu His Thr Ala Glu He OH (SEQ ID NO: 77) 



35 

»««:•£»• ??<„?:•«>< -»!».?:»«». «*»..«» 



Compound 64 : 

AVSBHOLLHD KGKfiTOm.PP PJSLLEKXT.BV M Cae-OH ( a go ID Mn . 7fl) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
x 5 10 



15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 3 $ 

Leu His Thr Ala Glu OH (SEQ ID NO- 78) 
35 

FAB (CisoHjoflNj^jj) : [M+H] + 413S.0 «eo.41, Hrf» 
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Compound 6 6 : 

SEHOLLHD KGKS IQDLRR RELLEKLLEK LHTA-NH^ (SEP ID NO: 80) 

Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie Gin Asp 
15 10 15 

Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys Leu His 
20 25 30 

Thr Ala NH 2 (SEQ ID NO: 80) 



Physical Data: m.p. 134. 2°C [a] D * -48.12<c 0.36, H.O) 

FAB (C 1CT H 2M JJ J4 0 49 ) : [M+H] + 3834 . 4 

15 AAA: Asx, 2.0(2); Glx, 5.7(6); Ser, 1.7(2); His, 2.9(3); Gly, 1.0(1); Thr, 

0.9(1); Ala, 1.0(1); Arg, 2.8(3); He, 0.9(1); Leu, 7.4(8); Lys, 

4.3 (4) . 



20 

Compound 6 7 : 

LLHD KGKSIODLRR RELLEKLLEK LHTA-NH*. (SEP ID NO: 81) 

25 Leu Leu His Asp Lys Gly Lys Ser He Gin Asp Leu Arg Arg Arg 

15 10 15 

Glu Leu Leu Glu Lys Leu Leu Glu Lys Leu His Thr Ala NH2 (SEQ ID NO: 81) 
20 25 

30 

Physical Data: m.p. 128 . 5 - 184 . 5°C [of] d 25 -6 .53 (c 0.69, MeOH) 

FAB(C I48 H259N4704i) : [M+H] + 3353 

AAA: Asx, 2.0(2); Glx, 4.1(4); Ser, 0.9(1); His, 2.1(2); Gly, 1.0(1); Thr, 
0.9(1); Ala, 1.0(1); Arg, 3.0(3); He, 1.0(1); Leu, 8.1(8); Lys, 
35 4.2(4). 



40 



45 



Compound 68 : 

LHP KGKSIODLRR RELLEKLL EK (SEP ID NO: 82) 

Leu His Asp Lys Gly Lys Ser He Gin Asp Leu Arg Arg Arg Glu 
15 10 15 

Leu Leu Glu Lys Leu Leu Glu Lys Leu His Thr Ala NH2 (SEQ ID NO: 82) 
20 25 

- Phvsical-Data.: m.p 165^21.0fC f Qfl ^ -36.05(c 0.12 , B,Q) 



50 FAB (C^^N^) : [M+H] * 3239 . 0 

AAA: Asx, 2.0(2); Glx, 3.9(4); Ser, 0.9(1); His, 1.9(2); Gly, 1.0(1); Thr, 
1.0(1); Ala, 1.0(1); Arg, 2.9(3); He, 0.9(1); Leu, 6.8(7); Lys, 
4.2(4). 

55 
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Compound 69^ 

SEHQLLHD RflRSIQDLRR RELLERLLER T.HZ VGRRTRSAW.OH (SEP TP NO-A^ 

Ser Glu His Gin Leu Leu His Asp Arg Gly Arg Ser He Gin Asp 
1 5 10 



15 



Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu Glu Arg Leu His 

10 20 25 30 

Leu His Arg Gly Arg Arg Thr Arg Ser Ala Trp OH (SEQ ID NO -83) 
35 40 

Physical Data: m.p. 150-210°C [ a ] » -18 0 (c 0 64 HO) 

15 PAB(C aot H MI N w O -0 ) : [M-t-H] + 4918.6 ° (C0.64, H 3 0) 

AAA: ?"?m' 2 i? ,; ^',J' 2{e)i Ser ' 2 - 8 <3>* His, 3.1(3); Gly, 2.2(2); Thr 
I 1(1 '* ' 2 * 2(2); Arg ' 10.4(10); He, 1.0(1); Leu, 8.0(8) Trp ' 



Compound 70: 

LLHD RGRSIQDLRR RELLERLLER LHAGRRTRc; AW _oh f 5E Q ID 

Leu Leu His Asp Arg Gly Arg Ser He Gin Asp Leu Arg Arg Arg 

1 5 * io 



15 



Glu Leu Leu Glu Arg Leu Leu Glu Arg Leu His Leu His Arg Gly 
30 20 25 ^ 30 

Arg Arg Thr Arg Ser Ala Trp OH (SEQ ID NO: 84) 

FAB (C^Hjj^NtjOjj) : [M+H] 4437.14 

AAA= ^ S «'„?- 1 i? ,; Glx ' 4 - 1 < 4 >'- Ser, 1.9(2); His, 2.0(2); Gly, 2 1(2)- Thr 
2.0(2); Ala, 2.1(2); Arg, 9.7(10); lie, 0 . 9 (1) ; liu, l.k (I) ' ' 



The side chain cyclized analog (Compound 57) was synthesized as above 
except the tr-Boc-N'-Fmoc-Lys and N--Boc-N>-Fmoc-Asp were placed in 
positions 13 and 17, respectively. Opon completion of the Boc amino acid 
synthesis, the resin was traated with 20% piperidine in DMF at room 
temperature for 30 minutes. The resin was filtered and washed with DMF, 
MeOH and CH,C1 2 . The resin (l.i g) was suspended in 10 ml DMF containing' 
250 mg PyBOP. The pH was adjusted to 8-9 with DIEA and the resin stirred 
for 1 hour. The resin was filtered, washed with DMF and CH,C1 2 , then 
resuspended in DMF. The coupling was repeated using 125 mg of PyBOP. The 
resin was filtered, washed with DMF, MeOH, and CH,C1 2 and dried. The resin 
was then treated with HF and the peptide purified as mentioned above. 
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Compound 57: 

AVSEHOLLHD KGKSIODLRR RELLEKLLEK LHTA-NH. (SEP ID NO: 71) 



r 



Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
1 5 10 15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
10 20 25 30 

Leu His Thr Ala -NH 2 (SEQ ID NO: 71) 

Physical Data: m.p. 142 . 5 - 163 . 5°C [a] o 25 -34.31 <c 0.17, H.O) 

15 FAB (CnsH^NjfiOso) : [M+H] + 3986.4 

AAA: £x, 1 9(2); Glx, 5.9(6); Ser, 1.8(2); His 3.2(3); Gly 1.1(1); Ala, 
2.0(2); Arg, 3.0(3); Thr, 1.0(1); Val, 1.1(1); He, 0.9(1); Leu, 



8.0 (8) ; Lys, 4.0(4) 



EXAMPLE II 



[Met 34 , Ala 35 ] Compound 1, AVSEHQLLHDKGKSIQDLRRRELIiEK- LLEKLHTMA-NH 2 , 
25 (SEQ ID NO: 25), was prepared and purified following the procedures of 

Example I. This polypeptide was converted to the homoserine lactone as 
follows. The purified peptide (160 mgs) was dissolved in 44% formic acid 
(4 mL) . This solution was combined with a premixed solution of cyanogen 
bromide (700 mgs) and phenol (1.6 mgs) in 44% formic acid (4 mL) at 0°C. 
30 The solution was stirred at 0°C for 2 hr and at room temperature for 2 hrs . 

The formation of the product was monitored by HPLC (Vydac® C-18, 300 A, 4.6 
x 250 mm, flow of 1.2 mL/min, gradient 25-45% acetonitrile in 0.1% TFA over 
10 min) . The reaction was complete within 4 hr. Half of the sample was 
concentrated and purified by preparative RP-HPLC (Vydac® C-18, gradient 25- 
35 45% acetonitrile in 0.1% TFA) . The homoserine lactone peptide fractions 

were pooled and lyophilized to give 28 mgs of white solid of >95% purity, 
Compound 4 . 

Compound 4 

AVSEHOLLHPKGKS IODLRRRELLEKLL EKLHTX (X=hSerlac. SEP ID N0:9) 



Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
15 10 15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
45 20 25 30 

Leu His Thr hSerlac (SEQ ID NO: 9) 

ffP'Si-gSc Mo' -50.W (c 0.1, HP) 

2t"T25*f f(2) ! M G?i; 4 sT(6?; Ser, 1.8(2); His, 3.0(3); T*±. l.KX), Ala, 
?T(1); Arg! 2.7(3); Val! 1.0(1); He, 1.0(1); Leu, 8.2(8); Lys, 
3.8(4); Gly 1.09(1); hSer, 1.09(1). 

55 
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Similarly, Compound 65 was prepared in accordance with this 
procedure . 

Compound 65: 

5 AVSEIQFX . HN KGK HLSSX . ER VE WLRfC KT Qp VHNX, ^EO ID NO: 79) 

jXi. = L-norleucine: X, a homoserine lactone) 

Ala Val Ser Glu He Gin Phe Nle His Asn Lys Gly Lys His Leu 
10 5 10 15 

Ser Ser Nle Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp 
20 25 30 

Val His Asn hSerlac (SEQ ID NO: 79) 

Sb!c!£ ffVi'Y rJ"w?i 166 - 176 ° C £«1d» -52.22 (c 0.25, H,0) 

FAB (QaoHajgN^Ojo) : [M+H] 4008.6 

AAA: Asx, 3.1(3); Glx, 4.8(5); Ser, 2.9(3); His. 2 9(3)- Glv 1 lfil- « 



15 



25 



30 



35 



40 



45 



55 



EXAMPLE III 



To prepare the homoserine amide, the crude hSerlactone analog, 
Compound 4, was concentrated and treated with 25 mL saturated NH 3 in 
methanol. The solution was stirred at 0*C for 2 hr and at room temperature 
for 16 hr. The reaction was monitored by HPLC (Vydac® C-18, 300 A, 4.6 x 
250 mm, flow of 1.2 mL/min, gradient 20-45% acetonitrile in 0.1% TFA) and 
was complete within 18 hr. The solution was concentrated and purified by 
preparative RP-HPLC (Vydac® C-18, gradient of 25-45% acetonitrile in 0.1% 
TFA) . The homoserine amide peptide fractions were pooled and lyophilized 
to give 30 mgs of white solid of >98% purity, Compound 3. 

Compound 3 

AVSEHOLLHDKGKS IODLRRR ELLEKLLEKLHTX - NH- (Y=hSer. SEP ID NO: 8) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 



Leu His Thr hSer NH 2 (SEQ ID NO: 8) . 
Physical Data: 

m.p. 138-142*c [a] D » -45.97<> ( c 0.25, H.O) 

50 FAB (CnaHaaftfla) : [M+H] + 4033.9 

AAA: Asp, 2.1(2); Glu, 6.1(6); Ser, 1.6(2); His, 2.8(3); Gly, 0.97(1)- 
hSer, 0.97(1); Thi, 1.0(1); Ala, 1.0(1); Arg, 2.9(3); Val, 1.0(1); 
He, 1.0(1); Leu, 7.6(8); Lys, 3.9(4). 



Similarly, Compounds 22, 23 and 28 were prepared following this 
procedure . 
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Compound 22 : 

AVSETQFLHN T,nKHLSSLFP- RELLEKLL EK LHNX-NH, (SEP ID NO: 36) 

(X = homoserine) 

Ala Val Ser Glu He Gin Phe Leu His Asn Leu Gly Lys His Leu 
! 5 10 lb 

Ser Ser Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 JU 

Leu His Asn hSer NH 2 (SEQ ID NO: 36) 

ca a T*5Q*»r frvl -43.93 (c 0.15, H^O) 

Ph ysical Data: m.p. 69.4-128°C lOfj D 

^I^HI^H: K-,«VSl: SSu?;'Sl: "* 

8.8(9) ; Lys, 3.4(3) ; 

Compound 23 : 

^qpTOFLHN VflTQTLSSLRR PBLLBKLLEK LHNX-NH, (SKQ ID NO:37) 

(X = homoserine) 

Ala Val Ser Glu He Gin Phe Leu His Asn Lys Gly Lys His Leu 

5 10 i3 



1 



Ser Ser Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 ' 5U 

Leu His Asn hSer NH 2 (SEQ ID NO: 37) 

, ~ - rr* A 1 1-142 1°C [a] r, 25 -52 .14 (c 0.41, HP) 

Physical Data: m.p. 87,l-i4^.it i«j d 

35 .•fc.VJSl - 

He, 0.9(1); Leu, 7.9(8); Lys, 3.7(4). 



Compound 2 B : 

mm Knvs-rnDLRR r f t.t.«pt.i.« LHT AGRRX - HH-. (SEQ ID NO: 42 1 
(X = homoserine) 



Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 

X 5 10 

Gin Asp I ^^-ATg-Axg-Glu-Leu-Leu-Gl-u-Arg-I^u-L e u_G,lu_^|g_ 



20 25 

Leu His Thr Ala Gly Arg Arg hSer NH, (SEQ ID N0:42) 
35 

, ~ - m « An°c lain 25 -48.64 (c a. 09, H,0) 

Physical Data: m.p. 80 c lQJD 

FAB(C,„H, J< II ro 0 S6 ) : »♦« * * 53 °!.? . Ser x 7(2 )- His, 3.0(3); Gly. 1.9(2); 
mt Sler 2 i 2 i(i) ; G ^, 6 X 0U) i "Si. 1 ^) .-"U. 7.2(7), Val, 0.3d); 
He, 1.0(1); Leu, 8.4(8); Lys, 2.1(2). 

The homoserine alkylamides were similarly prepared from the 
homoserin lactone by dissolving it in DMP containing an excess of the 
corresponding alkylamine. After stirring at room temperature for several 
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days (the reaction was monitored by analytical HPLC) the mixture was 
evaporated to dryness and the peptide purified by preparative HPLC 
Representative homoserine alkylamides are Compounds 55 and 56 . 

5 

Compound 55 : 

AVSEHOLT.Hn KGKSIOm.RR RFT.LKKT.T.E* T.trrv.KMCH^K. , Tn m 

IX - homoserine) ^ 
10 Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys ser lie 

5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
15 U 25 30 

Leu His Thr hSer NHCH,CH 3 (SEQ ID NO : 69) 

^tSJKf: aZgi SSiT tSrmined) <«* determined) 

8-4(8); Lys, 3.7(4); hSer. 0*4 tli * ' ' V&1 ' 1-0(1); Leu, 



25 



30 



45 



Compound 56 : 



AVSEHOLI.HT) KOKSIQDLRR RFJ.T.FKLI.BK T^.^n^ , , gPn Tr , m 

(X = h omoserine) 



Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 

10 

Arg Arg Glu Leu Leu Gli 
20 25 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
35 20 25 3 l 

Leu His Thr hSer NHCHjCHAH, (SEQ ID NO: 70) 

^ 4 ( ? 3 °8.? termined) ™°* 
AAA: Asx, 2.0(2); Glx, 5.9(6); Ser, 1.7(2); His, 2.9(3); Gly, 0 9(1)- 



EXAMPLE IV 



The cesium salt of N--Boc-N»-Fmoc-L-2,4-diaminobu ty ric acid was 
50 attached to Merrifield resin (DMF, SO'C, 48hrs) and used in a solid-phase 

synthesis in place of the Boc-Ala resin as in Example I. Dpon completion 
of the synthesis the peptide was treated with 20% piperidine in DMF at room 
temperature for 30 minutes to remove the side chain Ftnoc protecting group 
The protected peptide spontaneously cyclized to the lactam thereby cleaving 
itself from the resin. The solution was filtered from the resin and 
evaporated under vacuum to leave on oil. The residue was treated with 
liquid HF as in Example I to yield the crude unprotected peptide. The 
peptide was treated and purified as in Example I. 
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Compound 4 9 : 

AVSEHOLLHD KGKSIODLRR RELLEKLLEK LHTX (SEP I D NO: 63) 
(X = L-2 , 4 -diaminobutvrvl lactam) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

Leu His Thr L-2 , 4 -diaminobutyryl lactam (SEQ ID NO: 63) 



Physical Data: m.p. 161-181*C toflo 25 -48.38 <c 0.25, H 2 0) 

15 FAB (Cn-iHvmNwO*. ) : [M+H] + 4016.8 

AAA: "££ 2 5 !l(2); Glx, 6.3(6); Ser, 1.7(2); His, 3.3(3); Gly, 1.1(1); Thr, 

1.0(1); Ala, 2.1(2); Arg, 2.9(3); Val, 0.9(1); lie, 0.9(1); Leu, 

8.0 (8) ; Lys, 3.8(4) . 



EXAMPLE V 



25 An aqueous solution of the homoserine lactone analog from Example II 

was treated with porcine liver esterase (Sigma Chemical Company, St. Louis , 
MO) . The hydrolysis of the lactone to the C- terminal homoserine was 
monitroed by analytical HPLC. When the hydrolysis was judged to be 
complete the material was pruif ied by preparative HPLC as in Example I . 

30 

Compound 37: 

AVSEHOLLHD KGKSIODLRR RELLEKLLEK LHTX -OH (SEP ID NO: 51) 

(X = homoserine) 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser He 
1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

Leu His Thr hSer OH (SEQ ID NO: 51) 

Ph ysical Data: m.p. (not determined) [alp 25 (not determined) 
"45 FAB-(C^iH5o?Nr505T)-~[M+H3^ 4r03-5-ri 



™r^:™l(2)TGlx f 5.9(6); Ser, 2.0(2); His, 3 1(3); Gly 0 8(1); 

hSer, 0.8(1); Thr, 1.0(1); Ala, 1.0(1); Arg, 3.0(3); Val, 1.3(1), 
He, 1.0(1); Leu, 8.1(8); Lys, 3.8(4). 



EXAMPLE VI 



Following Example I, the protected peptide-resin 
BocAVS (Bzl) E (OBz) H (Bom) QLLHD (OBzl) R (Ts) GR (Ts) S (Bzl) IQD (OBz) - 
I^(Ts)R(Ts)E(OBz)IJ^(OBzl)R(Ts)IJ^(Fmoc)R(Ts)I^(Bam)T(Bzl)A- O-PAM was 

synthesized on a 0.35 mmol scale. All W groups were protected with t- 
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butoxycarbonyl (Boc) ; side chain protecting groups were as indicated. 
After completion of the synthesis, the peptide resin was treated with 50 mL 
of 2 0% piperidine in dimethylf ormamide (DMF) at room temperature for 30 
minutes to remove the f luorenylmethoxy- carbonyl (Fmoc) protecting group on 
lysine. The resin was washed successively with DMF, MeOH, CH 3 C1 2 and dried 
to give 1.6 g partially protected peptide. 0.8 g (0.175 mmol) of the 
partially protected peptide was acylated on lysine with 0.44 g (0.3 mmol) 
of methoxydi (ethyleneoxy) acetic acid [PEG (2) CH.COOH] in the presence of 
0.16 g (0.3 mmol) benzotriazolyloxy- tris (pyrrolidine) phosphonium 
hexafluorophosphate (PyBop) and 0.067 g (0.525 mmol) of diisopropylethyl 
amine (DIEA) in 20 mL DMF at room temperature for 5 hrs . After 5 hrs the 
resin was filtered and washed successively with DMF, MeOH and CR>C1,. The 
acylation step was repeated twice until negative ninhydrin result on the 
resin was obtained. The final peptide was cleaved from the resin with 
removal of the side chain protecting groups and purification as in 
Example I; 100 mgs of Compound 19 were obtained. 

Compound 19 

AVgRH^T.T.m^priP giQDijRRi^LLERLLKRLHTA-OH (SEP ID NO :3ft) 

CH 3 0 (CH 2 CH 2 0) 2 CH,C=0 

Ala val Ser Glu His Gin Leu Leu His Asp Arg Gly Arg Ser He 
1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu 
20 25 



Lys (C0CH,PEG2) Arg Leu His Thr Ala OH (SEQ ID NO * 1 8 ) 
30 30 

Phvs i cal Data : 

m.p. 145-195«C [<*] D * -44.60* (c 0.2, fW» 

FAB (C.^^O*) : [M+H] * 4276.2 



AAA: Asp, 2.1(2); Glu, 5.0(5); Ser, 1.6(2); His, 2.9(3); Gly, 0.9(1); Thr 
0*9(1)'* Ar9 ' 7 * 1<7); Val# X - 1(1); Ile ' 1-0(1); Leu, 8.0(8); Lys , 



EXAMPLE VTI 



Peptide was synthesized, cleaved and purified in the same manner as 
in Example IV except 2-methoxypoly (ethylene-oxy) acetic acid 
45 [PEG (5000) CH 2 C02H] was used as the acylating agent. 0.8 g (0.175 mmol) of 

partially protected peptide yielded 300 mgs of pure Compound 20. 
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Compound 2 0 

AVS EHOLLHDRGRS I ODLRRRE LLE RLLKRLHTA - OH (SEP ID NQ:19) 

CH 3 0 (CH 3 CH 2 0) no CH 2 C=0 

Ala Val Ser Glu His Gin Leu Leu His Asp Arg Gly Arg Ser He 
1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Arg Leu Leu 
20 25 

Lys <COCH 2 PEG5000) Arg Leu His Thr Ala OH (SEQ ID NO:19) . 
30 



15 Physical Data: 

m~D 105°C [Qflo 25 -22 .95° (c 0.11, 50% aq. HOAc) 

S£i Asp, 2.0(2); Glu, 4.8(5); Ser, 1.6(2); His, 2.6(3); Gly ,1.11); Thr, 

1 1(1); Arg, 7.3(7); Val, 0.8(1); He, 0.9(1); Leu, 8.3(8); Lys, 

1.1 (1) ; Ala, 1.8(2) . 



EXAMPLE VXIX 

S ynthesis of hPTHro(l -34) analog aene 
25 A synthetic gene coding for the hPTHrp<l-34) analog Compound 4 (SEQ 

ID NO: 9) was designed having the nucleotide sequence and enzyme restriction 
sites shown in Figure 1. The requisite oligodeoxynucleotides were prepared 
with a DNA synthesizer (Milligen/Biosearch) using the phosphor ami dite 
process of Sinha, et al., Nucleic Acid Research 12, 4539-4557 (1984). 
30 After deprotection, the crude oligonucleotides were purified by gel 

electrophoresis on preparative 15% polyacrylamide gels. The 
oligonucleotides were located with UV, excised from the gel, desalted over 
waters cl8 Sep-pak® cartridges, and lyophilized. 

Amplification via polymerase chain reaction (PCR) was carried out on 
35 a Perkin-Elmer Cetus thermal cycler, with 25 cycles of: 94<>C for 1 minute, 

50°C for 2 minutes, and 72°C for 3 minutes, using reagents, including Taq 
polymerase, from the "GeneAmp" DNA amplification kit (Perkin-Elmer Cetus) . 

Two overlapping oligonucleotides, an 88mer (2 fig) , PTH3, 
(SEQ ID NO: 31) : 

— CCTCTAGATC TCCGCGGCGC TAGC ATG GCT GTT TCT - GAA — CAT _ CAG — 4 5 — 

Met Ala Val Ser Glu His Gin 
l 5 
CTG CTT CAT GAC AAA GGT AAA TCG ATT CAA GAT CTG AGA CGT C 88 
Leu Leu His Asp Lys Gly Lys Ser He Gin Asp Leu Arg Arg 
45 10 15 20 

and an anti -sense 90mer (2 /ig> , P™ 4 < SE Q ID NO: 32) : 

CCTCGAAGCT TATGCATCAT TATCTAGA CAT AGT ATG CAG CTT TO 46 

cft Met Thr His Leu Lys Glu 

50 30 

AAG GAG TTT CTC CAG CAG CTC GCG ACG TCT CAG ATC TTG AAT 88 
Leu Leu Lys Glu Leu Leu Glu Arg Arg Arg Leu Asp Gin He 
25 20 15 

55 CG 90, 

were prepared as the template DNA sequence for the hPTHrp 
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(1-34) analog gene. Utilizing the two flanking primers. PTHPCR1 • 
CCTCTAGATC TCCGCGGCGC TAG (SEQ ID NO: 33) 

and PTHPCR2 : CCTCGAAGCT TATGCATCAT TATC (SEQ ID N0:34), the entire gene was 
amplified by PCR. The amplified DMA products were purified by gel 
electrophoresis on 4% NuSieve® agarose gel. The band containing the 
synthetic hPTHrp (1-34) analog gene, approximately 150 bases in length, was 
excised from the gel and approximately 200 ng of DNA isolated by Elu-Quik® 
glass gel DNA extraction (Schleicher & Schuell. Keene, NH) . 

EXAMPLE IX 

Molecular Cloning of a n hPTHrr. (1-34) l Analog Gene 
To subclone the hPTHrp<i-34) analog gene of Example VI, 200 ng of the 
amplified DNA was isolated and cut by restriction enzymes HinD III and Sac 
II. ^As shown in Figure 2, the DNA was ligated to 2 ng TrpLE 18 Prot 
<Ile s ,Pro s ) plasmid previously cleaved with Hind III and Sac II. 

The resulting plasmid, TrpLE 18 hPTHrp (1-34) l , containing one copy of 
the hPTHrp(l-34) analog gene was then transformed into competent E. coli HB 
101 cells (CLONTECH, Palo Alto, CA) . Transf ormants were subjected to PCR 
analysis to verify insertion. Transformed cell colonies were selected and 
boiled in 200 fiL of water for 5 minutes; 2 fj.li were subjected to PCR with 
two primers flanking the insert. The PCR product was then analyzed on 1% 
agarose gel to confirm the presence of one copy of the hPTHrp(l-34) gene 
insert. TrpLE 18 hPTHrp (1-34) 1 construct was then verified by DNA 
sequencing on an automated DNA sequencer (Applied Biosystems Model 373A, 
Foster City, CA) using the vendor's Dye Deoxy Terminator Sequencing kit. 

EXAMPLE X 

Construction of a Trp LE IB vector rnnf a inina mmH P i a 
COPies Of the hPTHr p (l- 341 analog ggrU 

Unique Nhe I and Xba I restriction sites are located near the 
beginning and end of the hPTHrp (1-34) analog gene sequence. These two 
sites, which recognize different sequences, but produce identical single 
strand cohesive termini, allow the construction of multiple copy 
hPTHrp (1-34) genes within the Trp LE 18 vector. 

The strategy for constructing repeated hPTHrp (1-34) sequences in 
tandem is outlined in Figure 3. In separate reactions, 5 /tg of plasmid Trp 
LE 18 hPTHrp (1-34)1 containing a single copy of the gene was cleaved with 
Bam HI + Nhe I and Xba I + Bam HI. From each digest, about 300 ng of the 
fragment containing the hPTHrp (1-34) analog gene was isolated. These two 
fragments were mixed and ligated to form the Trp LE 18 hPTHrp (1-34) 2 
plasmid. This plasmid was used to transform competent E. coll HB 101 
cells. Sizing of the transformed PCR products on 1% agarose gel was used 
to determine the presence of two copies of the hPTHrp (1-34) gene insert. 
TrpLE 18 hPTHrp (1-34) 2 containing two copies of the gene was then confirmed 
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by DNA sequencing. The correct fusion of the two hPTHrp(l-34) genes 
results in the elimination of Nhe I and Xba I sites at the junction. This 
makes the remaining Xba I and Nhe I sites flanking the tandem genes unique. 
By repeating this process the final plasmid Trp LE 18 hPTHrp(l-34) 4 
5 containing four copies of the hPTHrpU-34) gene was constructed, as shown 

in Figure 4. The sequence of Trp LE 18 hPTHrp (1-34) 4 was found to be 
correct by DNA sequence analysis . 

EXAMPLE XI 

10 Expression and Puri fi nation r.f Tm LE IB hPTHrp ( 1 - 34 ) 4 

Induction of the Trp LE 18 hPTHrp (1-34) 4 . 

A starter culture of 50 mL of LB culture media, J.H. Miller, 

-Experiments in Molecular Genetics," p. 431 (1972), incorporated herein by 

reference, containing 50pg/mL ampicillin and lOOfig/mL tryptophan, was 
15 inoculated with E. coli cells containing Trp LE 18 hPTHrp (1-34) 4 plasmid, 

and grown overnight at 37 °C with vigorous shaking to an of about 6. 

Two liters of LB culture media for production were pre-warmed to 37°C and 

seeded with 20 mL of the starter culture to give an of about 0.06. The 

culture was then grown with vigorous shaking to an of between 0 . 6 and 
20 0.8, whereupon 2 mL of a 10 mg/mL solution of indole acrylic acid (IAA) was 

added. Growth was continued with good aeration for about 16 hr to a final 
of about 6 (typically, between 4 and 10) . The cells were concentrated 

by centrifugation and resuspended in 500 mL of 50 mM Tris-HCl, P H 7.5, o.i 

mM EDTA buffer solution (Tris buffer) . 
2 5 The suspension was sonicated using a Heat Systems -Ultrasonics, Inc. 

model 220F sonicator (equipped with a 3/4" horn) operated at 50% of full 

capacity to avoid overheating . 

To determine the extent of induction, the whole cells were analyzed 

by SDS-PAGE. The gene products derived from the TrpLE 18 hPTHrp (1-34) 4 
30 construct were seen as a major band of the predicted MW of approximately 

17,000. This accounts for as much as 10% of the total cellular protein. 

-Isolation-of-the-Fus ion— Protein . 



40 



The cell lysate was centrifuged for 15 min. at about 3600 x g to 
35 pellet the Trp LE 18 hPTHrp (1-34) 4 fusion protein; the supernatant was 

discarded. The pellet was resuspended in 200 mL Tris buffer, (typically 
40-80 Ajjo/mL) . 

EXAMPLE XII 



» of th. Fu ^ ™ P^tein and Purification of homQ-Serlactone 

hPTHrp (1 -14 > peptide 
Cleavage of the methionine residues flanking the hPTHrp (1-34) 
multimeric fusion protein with CKBr releases the desired homo- Ser lactone 
hPTHrp (1-34) polypeptide, which was purified as described below. 
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CNBr Treatment of Fusion Protein. 

The washed pellet of TrpLE 18 hPTHrp (1 - 34 ) 4 fusion protein was 
resuspended by gently stirring in SO mL of 70% formic acid (about 20 mg/mL 
total protein; typically material from 1000 A,* units of cells is dissolved 
in 3 mL) . A few drops of octanol were added and N 5 bubbled through the 
solution for 20 minutes before adding 5.5 g CNBr. This reaction was 
allowed to proceed for 6 hours at 25-C before an equal volume of 50-50 
MeOH:H 2 0 was mixed with the sample and subsequently removed by rotary 
evaporation. After 2 to 4 repetitions of this process, the bulk of the 
formic acid and CNBr were essentially removed. The sample was then 
evaporated to dryness, redissolved in 200 mL water and lyophilized for 
storage . 

Purification of homo-Serlactone hPTHrp (1-34) . 

The CNBr cleaved supernatant was dialyzed against 50 mM KK.PO, pH 6 5 
for 24 hours with multiple changes. During dialysis, P H was maintained at 
6.5. After dialysis, the precipitates were removed by high speed 
centrifugation. The supernatant was clarified through a Gelman 0.4 5/ < 
filter device (Acrodisc 4184) . 

Cation Exchange Chromatography. 

Initial purification was accomplished by cation exchange 
chromatography on a Bio-Gel TSK-SP-SPW HPLC column (21.5 x 150mm). 
Chromatographic conditions for a flow rate of 8 mL/min and a yield of 
approximately 12 mg of highly purified homo-Serlactone hPTHrp (1-34) peptide 
were : 

1. Column equilibration in 50 mM KH 2 P0«, pH 6.5 

2. Load 10 mL clarified supernatant (approximately 1.5 L culture 
broth or 2.4 g inclusion) . 

3. Wash column with 50 mM KH 2 P0 4 pH 6.5 containing 50 mM NaCl until 
baseline is stabilized. 

4. Elute column with 50 mM KHjPO, pH 6.5 containing 90 mM NaCl . 
Collect fractions for about 45 minutes. 

5. Analyze the 90 mM NaCl fractions for homo-Serlactone hPTHrp (l- 
34) content by C18 HPLC before pooling and storage. 



Reverse Phase HPLC Chromatography. 

A reverse phase Poros R/H 4.6 x 100 mm column (Perseptive Biosystems, 
Cambridge, MA) was used for the final purification step. The 
40 chromatographic conditions were as follows: 
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Mobile phase A: 0.1% trif luoroacetic acid (TFA) /water 
B: 0.1% trif luoroacetic acid (TFA) /CH 3 CN 



TIME 

0 min 
5 . 0, min 
5 . 2 min 
6 . 8 min 
7 . 0 min 



FLOW 



4 ml /min 
4 ml /min 
4 ml /min 
4 ml /min 
4 ml /min 



% B 

15 

40 

100 

100 

15 



Retention time .of the homo-Serlactone hPTHrp (1-34) , Compound 4, was 
approximately 2.943 minutes. The purified peptide was approximately 98% 
pure as determined by mass spectroscopy. 



EXAMPLE XIII 

20 The compounds of this invention were evaluated for their effect on 

bone mass in ovariectomized rats, generally in accord with the procedures 
of Gunness-Hey and Hock, MetaJb. Bone Dis . 5:177 181 (1984) . 

Adult Sprague-Dawley female rats were acclimatized, weight grouped (n 
= 9, 10 or 12), and subjected to bilateral ovariectomy (OVX) or sham 

25 surgery. Dosing was initiated 17 days after surgery and continued for 20 

days. Test compound was administered subcutaneous ly once a day in 2% rat 
serum/saline vehicle. 

After 20 days of dosing, the rats were sacrificed and the right 
femurs excised. The femurs were cut in half and the distal half femurs 

30 (DHF) were further separated into trabecular bone (TB) and cortical bone 

(CB) by drilling out the trabeculae. Calcium was extracted and measured by 
Calcette calcium analyzer and expressed as mean bone Ca in mg/DHF/100 g 
body weight. 

The two sample t-test was used to compare OVX and sham groups. One- 
35 way ANOVA was used to compare OVX groups, followed by Fisher's LSD multiple 

comparison to compare each treatment group to vehicle. 

Qvar-iectc^y-induced-substantial_mtal bone loss, primarily from 



40 



45 



trabecular bone. Total bone calcium was 47 to 54% lower than for sham- 
operated controls. 

bPTH<l-34) and hPTHrp (1-34) at 80 jig/kg/day provided statistically 
significant increases in total bone calcium for treated OVX rats, ranging 
from 53 to 95% and 18 to 40%, respectively; however, there was no 
significant increase in cortical bone calcium. 

Compounds of this invention, dosed at 80 /ig/kg/day, increased total 
bone calcium by from 66 to 138% and trabecular calcium by from 87 to 128%. 
Cortical bone calcium, trabecular thickness, and bone volume were also 
significantly increased over untreated OVX controls. 

In this assay, the following compounds were tested: 
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Compound 
Number 



(# of tests) 



Compound 1 (SEQ ID NO: 7) 6 
Compound 2 (SEQ ID NO: 6) 3 
Compound 4 (SEQ ID NO: 9) 3 



Trabecular Bone 
Calcium 
(% increase 
over QVX) 

101-128% 
87-102% 



Total Bone 

Calcium 
(% increase 
over OVX) 

88-138% 
66-114% 
88-114% 



In similar studies, ovariectomized rats were dosed for 5, 10 and 20 
days, at 40 ug/kg/day, with the following results: 



Compound 
Number 



n 



(# of tests) 



Compound 1 (SEQ ID NO: 7) 3 

Compound 4 (SEQ ID NO: 9) 5 

Compound 4 (SEQ ID NO: 9) 1 

Compound 49 (SEQ ID NO: 63) 1 

Compound 4 (SEQ ID NO: 9) 1 

Compound 42 (SEQ ID NO:56) 1 



# of Days (d) 
of dosing 



20d 

20d 

lOd 

lOd 

5d 

5d 



Total Bone 

Calcium 
(% increase 

over OVX) 

73-109% 

79-105% 

79% 

93% 

55% 

60% 



25 



EXAMPLE XXV 
TOXICITY 



In the above Example XI, no toxic effects were observed with the 
compounds of the invention. 
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We claim: 

1. A synthetic polypeptide analog of parathyroid hormon (PTH) , 
parathyroid hormone related peptide (PTHrp) , or of a physiologically active 
truncated homolog or analog of PTH or PTHrp, or salt thereof, in which 

5 amino acid residues (22-31) form an amphipathic a-helix, said residues (22- 

31) selected from hydrophilic amino acids (Haa) and lipophilic amino acids 
(Laa) , ordered in the sequence: 

Haa (Laa Laa Haa Haa) 2 Laa. 

10 

2. A polypeptide of claim 1, or salt thereof, in which amino acid 
residues (22-31) form an amphipathic a -helix, the sequence of said residues 
(22-31) selected from: 

a) Xaa 1 Xaa 2 Leu Xaa 4 Xaa 5 Leu Xaa 7 Xaa 8 Xaa 9 Xaa 10 wherein 
15 1 5 10 

Xaa 1 and Xaa 4 are independently Glu, Glu (0CH 3 ) , His, or Phe; Xaa 2 is Leu or 

Phe; Xaa 5 is Lys or His; Xaa 7 and Xaa 10 are independently Leu or lie; Xaa 8 is 

Ala, Arg, or Glu; and Xaa 9 is Lys or Glu (SEQ ID NO: 85) ; preferably 

Glu Leu Leu Glu Lys Leu Leu Xaa Lys Leu wherein 
20 1 5 10 

Xaa is Glu or Arg (SEQ ID NO: 26) ; 

b) Xaa 1 Xaa 2 Leu Xaa 4 Arg Leu Leu Xaa 8 Arg Leu wherein 

1 5 10 

Xaa 1 and Xaa 4 are independently Glu, Glu(OCH 3 ), His, or Phe; Xaa : is Leu or 
25 Phe; Xaa 8 is Glu, Lys, or Lys (COCH 2 PEGX) and PEGX is a poly- (ethylene glycol 

methyl ether) radical of molecular weight 100 to 10,000 (SEQ ID NO: 86) ; 
preferably, 

Glu Leu Leu Glu Arg Leu Leu Xaa Arg Leu wherein 
15 10 

30 Xaa is Glu, Lys, or Lys (COC^PEGX) and PEGX is a poly- (ethylene glycol 

methyl ether) radical of molecular weight 100 to 10,000 (SEQ ID NO:27) ; 

c) Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu (SEQ ID NO: 28) ; 

15 10 

d) Ser Leu Leu Ser Ser Leu Leu Ser Ser Leu (SEQ ID NO: 29) ; 

35 1 5 1-0 

e) Ala Phe Tyr Asp Lys Val Ala Glu Lys Leu (SEQ ID NO: 30) . 

15 10 

3 . A polypeptide of claim 2 of the formula : 
4 0 Xaa 1 xaa 2 Xaa 3 Xaa 4 Xaa 5 Xaa 6 Xaa 7 Leu His Xaa 10 Xaa 11 Gly Xaa 13 Ser He Gin Xaa 17 

Leu Xaa 19 Xaa 30 Xaa 21 Xaa 22 ' 3 ' Xaa 32 Xaa 33 Xaa 34 Xaa 35 Xaa 36 Xaa 37 Xaa 38 Term, wherein: 



Xaa 1 


is 


absent 


or 


is 


Ala; 




Xaa 2 


is 


absent 


or 


is 


Val, 




Xaa 3 


is 


absent 


or 


is 


Ser, 




Xaa 4 


is 


absent 


or 


is 


Glu 


or Glu(OCH,) ; 


Xaa 5 


is 


absent 


or 


is 


His 


or Ala; 
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Xaa 6 is absent or is Gin; 
Xaa 7 is absent or is Leu; 

Xaa 10 and Xaa 17 are independently Asp or Asp(OCH 3 ) ; 
Xaa 11 is Lys, Arg, or Leu; 
5 Xaa 13 is Lys, Arg, Tyr, Cys, Leu, Cys (CH^CONH (CH 2 ) 3 NH (biotinyl) ) , Lys(7- 

dimethylamino-2-oxo-2H-l-benxopyran-4-acetyl) , or Lys (dihydrocinnamoyl) ; 
Xaa 20 is Arg or Leu; 

Xaa 19 and Xaa 21 are independently Lys, Ala, or Arg; 

Xaa 22 ' 3 * is selected from (SEQ ID NOS:26, 27, 28, 29, or 30); Xaa K is His, 
10 Pro, or Lys; 

Xaa 33 is absent, or is Pro, Thr, Glu, or Ala; 

Xaa 34 is absent, or is Pro, Arg, Met, Ala, hSer, hSer lactone, Tyr, Leu, or 
1,4- diaminobutyryl lactam ; 

Xaa 33 is absent or is Pro, Glu, Ser, Ala, or Gly; 
15 Xaa 36 is absent or is Ala, Arg, or lie; 

Xaa 37 is absent or is Arg, Trp, or 3 - ( -2 -naphthyl) -L-alanine ; 
Xaa 38 is absent or is Ala or hSer or Xaa 3 * 42 is Thr Arg Ser Ala Trp; 
and Term is OR or NI^ where each R is independently H, (C l -C 4 )alkyl or 
phenyl (C,-C 4 ) alkyl ; and the pharmaceutically acceptable salts thereof. 

20 

4. A polypeptide of claim 3 wherein Xaa 22 " 31 is (SEQ ID NO: 26) , and 
wherein Xaa 11 and Xaa 13 are both Lys ,- and Xaa 19 and Xaa 21 are both Arg. 

5 . The polypeptide of claim 4 which is : 

25 Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 

1.5 10 15 



30 



35 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
- 20 25 30 

Leu His Thr Ala NH, (SEQ ID NO: 7) . 

6. The polypeptide of claim 4 which is: 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
15 10 15 



Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
40 20 25 30 

Leu Pro NH 2 (SEQ ID NO: 56) . 

45 7. The polypeptide of claim 4 which is: 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
15 10 15 

50 Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 

20 25 30 

Leu His Thr 1 , 4 - diaminobutyryl lactam (SEQ ID NO: 63) . 
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15 



-59- 

8. The polypeptide of claim 4 which is: 

Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly Lys Ser lie 
1 5 10 15 

Gin Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Glu Lys 
20 25 30 

Leu His Thr hSerlac (SEQ ID NO : 9 ) . 

9 . A pharmaceutical composition comprising an effective bone mass 
increasing amount of a polypeptide of claim l, or salt thereof, in 
admixture with a pharmaceutically acceptable carrier. 



10. A method for treating mammalian conditions characterized by 
decreases in bone mass, which method comprises administering to a subject 
in need thereof an effective bone mass increasing amount of a synthetic 
polypeptide analog of parathyroid hormone (PTH) , parathyroid hormone 

20 related peptide (PTHrp) , or of a physiologically active truncated homolog 

or analog of PTH or PTHrp , or salt thereof, in which amino acid residues 
(22-31) form an amphipathic a- helix, said residues (22-31) selected from 
hydrophilic amino acids (Haa) and lipophilic amino acids (Laa) , ordered in 
the sequence: 

25 Haa (Laa Laa Haa Haa) 2 Laa. 

11. A method of claim 10 in which the condition to be treated is 
osteoporosis. 

30 12 . A process for the solid phase synthesis of a polypeptide analog 

of PTH, PTHrp, or of a physiologically active truncated homolog or analog 
of PTH or PTHrp, or salt thereof, in which amino acid residues (22-31) form 
an amphipathic a-helix, said residues (22-31) selected from hydrophilic 
amino acids (Haa) and lipophilic amino acids (Laa) , ordered in the 

35 sequence: 



Haa— (Laa— Laa— Haa— Haa ) - 2 — Laa^ 

which process comprises sequentially coupling protected amino acids on a 
40 suitable resin support, removing the side chain and N° protecting groups, 

and cleaving the polypeptide from the resin support. 

13. The use of a compound of Claim l, or a pharmaceutically 
acceptable salt thereof, for the manufacture of a medicament for the 
45 treatment of mammalian conditions characterized by decreases in bone mass, 

particularly, for the treatment of osteoporosis. 
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